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ADDENDA:
p. 17 - Between the discussions of "least Interorhltal breadth"
and "(gross) cranial height" add:
**Maxlllary breadth — Distance between lateral tips of maxillaiy processes."
ERRAEA:
p. 33f lines l4 and 13 should read:
• • • • • " I chose to consider ^ pacificus a full species.
Although further research may validate Findley's conclusions, . . "
p. 35, line 17 should read:
• . • "two first year vagrans pregnant in Ju3y . .” .
p. 50, line 13 should read:
. . . "gonad wei^ts, Z.Pucek (19^5) distinguished seven stages ,
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I.

INTRODUCTION

The family Soricidae has been considered to be one of the most
specialized groups of living Insectivores (McDowell, 1958).
two living subfamilies.

There are

The Crocidurinae, or white-toothed shrews, have

an entirely Old World distribution, primarily in southern Europe and Asia,
and in Africa.

The Soricinae, or red-toothed shrews, are found in

northern Europe and Asia, and in North America; one genus, Cryptotis, has
moved into northern South America (Repenning, 1967; Walker, 1964).
The genus Sorex has been split into several subgenera.

The subgenus

Sorex includes all but two of the Palearctic Sorex species and a great
number of New World species (i.e.,

arcticus,

arcticus tundrens. Bee and Hall, 1956),
merriami,
Mexican

tundrensis (=^.

gaspensis,

dispar,

fumeus, S^. trowbridgii, and all the members of the

saussurei group).

A second subgenus, Otisorex, except for

cinereus in Siberia, is restricted primarily to the Nearctic and
includes the following species;
Peterson, 1967),

cinereus,

pribilofensis,

jacksonl (Hoffmann and

vagrans (including

'obscurus,

pacificus, and S^. yaquinae, according to Findley, 1955b),
tenellus,

trigonirostris,

sinuosus, S^. veraepacis, and

nanus, S^. juncensis,

ornatus,

willeti,

macrodon (the last two are Neotropical

forms from Central America) (Findley, op. cit.; Hoffmann and Peterson,
op. cit.).

Two additional subgenera were recognized by Jackson (1928):

Neosorex included Sorex palustris and S^. "alaskanus" (a race of palustris?) ;
and Atophyrax,

bendiri.

These species are now thought to be Otisorex

shrews (ibid.).
Karyological studies done on various shrew species bear out the
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distinction made by Findley (ibid.) between the subgenera Sorex and
Otisorex.

Karyograms of Sorex species show a much higher proportion

of metacentric to acrocentric chromosomes than do those of Otisorex
shrews (R. J. Brown, unpublished data; MeyIan, 1964, 1965a, 1965b, 1966,
1967, 1968; Takagi and Fujimaki, 1966).
A third subgenus, Ognevia, was proposed for the Siberian
mirabilis (Heptner and Dolgov, 1967).

In all probability Ognevia is

a fairly recent offshoot of the subgenus Sorex.
closely related to the Nearctic shrew

mirabilis is not

(Otisorex) pacificus, as had

been suggested by some (Brobinskii et al, 1944; Ellerman and MorrisonScott, 1951).
The Sorex vagrans-obscurus complex includes several populations of
similar Otisorex shrews which range throughout the western half of North
America, from northern Alaska to central Mexico.

The most recent

revision of the group (Findley, 1955b) asserts, on the basis of certain
morphological similarities, that all of these different shrews belong to
a single geographically variable species,

vagrans, even though it is

acknowledged that some of the taxa are sympatric over a broad area in the
Pacific Northwest without any apparent interbreeding.

A realistic

biological species concept, such as that proposed by Mayr (1963: 19-21),
defines species in terms of reproductive isolation of populations rather
than in terms of morphological similarities of aggregates of individuals.
This definition is difficult to apply in situations where isolating
mechanisms have broken down and introgressive hybridization has occurred
(see Rudd, 1955a; Short, 1969, etc.).

However for most cases the concept

can be considered valid.
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Opponents of Findley's point of view question whether so many diverse,
non-intergrading sympatric forms can properly be considered conspecific
without a more thorough analysis of their morphological, ecological,
behavioral, biochemical, and karyological relationships.

This latter

school of thought would retain Jackson's 1928 classification, which
divided the group into three well-defined polytypic species,
obscurus, and

pacificus.

A fourth species,

vaquinae, is poorly

known and may be a race either of obscurus or pacificus.
treated by Jackson as a member of this group,
has been considered a member of the

vagrans.

A fifth species

durangae, more recently

saussurei complex of the subgenus

Sorex (Findley, 1955a).
The crux of Findley's argument lies in the assertion that morpho
logical similarities between the two Rocky Mountain forms
and "S.

V.

v^, vagrans

obscurus" (=S. obscurus obscurus) are the result of inter

gradation in areas where they come into contact.

If this morphological

similarity is interpreted to mean that reproductive isolation between
these two subgroups of the Sorex vagrans complex is not complete, and
exchange of genetic material occurs, the two forms would conventionally
be considered conspecific.

I will demonstrate, however, that these

similarities are only superficial; that distinct, consistant morphological
differences occur between the two shrews which suggest that widespread
introgression does not take place as Findley believed.

Without further

research I cannot demonstrate that hybridization does not occur between
vagrans and obscurus in some limited local situations.

But the evidence

presented in this thesis suggests that such a phenomenon, if it in fact
exists, is at best of minor consequence, and that the two shrews may
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tentatively be considered distinct biological species.
For convenience I shall follow Jackson's 1928 classification, with
a number of modifications.

Sorex vagrans is considered here as Jackson

envisioned it, but the subspecies
northern montane

v. amoenus,

v. nevadensis, and

v. monticola" (=^. v^» dobsoni, Merriam, 1895) are

synonymiiRed with

v. vagrans in accordance with Findley’s (1955b)

interpretations.

The name "monticola" is confined to the form, which

was described from Arizona.

This appears to be a race of

and the name is not applicable to

obscurus,

vagrans in Montana, Idaho, and

Washington, as Jackson (op. cit.) and Clothier (1950) believed,

Sorex

obscurus is as defined by Jackson (op. cit.), but with the addition of
the subspecies longiquus and monticola (Findley, op. cit.).

I have found

no reason to believe that Sierra Nevada populations of obscurus are more
closely related to typical vagrans as Findley suggested.

Although I

have not dealt in detail with any of the peculiar Pacific Coastal forms
I shall treat

pacificus as a distinct species also.

II.

TAXONOMIC HISTORY

The nominate race of Sorex vagrans was first described by Baird
(1857) from a specimen collected at Shoalwater Bay (=Willapa Bay),
Washington.

The taxonomic history of the whole vagrans complex parallels

those of many other mammal groups during the latter half of the Nineteenth
Century.

Because of the predominant typological species concept and

inadequate understanding of individual variation, numerous "species" and
"subspecies" were subsequently described.

All these have proved since

to be geographical variants of three principle forms.
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Merriam (1895) mentioned six vagrans-like shrews from the inland
montane and Great Basin regions of the American West.

The smallest,

vagrans vagrans, was said to be restricted to the Pacific Coast
region from central California to southern British Columbia, and inland
in Washington almost to the Idaho border.

A somewhat larger form, £, v.

dobsoni, was believed to take the place of the nominate race in the
Rocky Mountains of northern Idaho and western Montana, and to occupy
isolated mountain ranges in central Montana and northern Wyoming.
Sorex obscurus was first described by Merriam (1891) as a subspecies
of vagrans (S^. v. similus) , but he later (1895) renamed it, giving it
full specific status.
than

V.

obscurus was described as being slightly larger

vagrans but very similar in size to

v. dobsoni.

It differed

supposedly in its "smaller ears, broader palate, and broader unicuspid
teeth," and was said to occur in southern British Columbia, northern
Washington, most of the Rocky Mountains, and the Sierra Nevada.
other forms, S^. v. monticola,

amoenus, and

Three

nevadensls, were men

tioned from the southern Rockies, the Sierra Nevada of California, and
central Nevada, respectively.
Jackson (1928) made the first major revision of the genus Sorex in
North America.

His chief contribution was to clarify and summarize all

the information then available on the taxonomy, zoogeography, natural
history, and ecology of the American long-tailed shrews.
involved examination of over 10,000 museum specimens.

The study

For the most part

Jackson differed only slightly from Merriam in his treatment of the six
above-mentioned forms.
reaffirmed.

The full specific status of

The eastern limits of distribution for

obscurus was
v, vagrans were
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contracted from the Idaho border to the eastern slopes of the Cascades
in Washington and Oregon; the taxa nevadensis and amoenus were placed as
subspecies of

vagrans (amoenus was recognized by both Jackson and

Merriam to intergrade freely with typical vagrans in southeastern Oregon
and northern California).

Jackson departed significantly from Merriam's

treatment of the Rocky Mountain forms of
was synonymized with

vagrans.

S_. v. dobsoni

monticola, described in 1890 from specimens

collected at San Francisco Mtn., New Mexico.

All the vagrans-like shrews

(apart from obscurus) from the eastern side of the Cascades in Washington
(where intergradation with the nominate race was said to occur) to the
northern Mexican plateau were considered to be of this single subspecies
(Fig. 1).
Jackson's diagnosis of the morphological distinctions between
vagrans monticola" and
differences in body size.

obscurus obscurus were based on alleged
The two forms were thought to be sympatric

over much of the Pacific Northwest, and they were believed to be more or
less segregated from each other ecologically (i.e., allotopic).

v.

monticola" was considered generally to be restricted to lowland Transition
Zone or riparian

communities, while

o_. obscurus was thought to be

predominately a Canadian and Hudsonian Zone resident.

In much of eastern

Washington and Oregon, southern Utah, and northern Idaho, abrupt transi
tions from semi-arid lowlands to boreal highlands are quite common, and
the two shrews are fairly distinguishable on the basis of Jackson's key
characters.

Various other workers have more or less supported his con

clusions (Bailey, 1936); Dalquest, 1948; Davis, 1939; Durrant, 1952; and
Ingles, 1965).

However, in northeastern Washington, northern Idaho, and
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Fig. 1.— The taxonomy and distribution of (A) Sorex vagrans; and
(B)

obscurus,

Jackson (1928).

pacificus, and

yaquinae, as interpreted by

Asterisks indicate taxa not discussed in this paper.
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western Montana, such ecological transitions are much more gradual.
Lowland and boreal communities commonly grade into one another over very
large distances and ecological segregation between vagrans and obscurus
appears to break down.

In size, vagrans appears to approach obscurus

much more closely here than it does in other parts of the Pacific North
west.

Merriam (1895) also recognized this in his account of

vagrans

dobsoni."
Because of the close similarities between Jackson's

;v. monticola

and S_. 2' obscurus in western Montana a number of workers in this region
reported extreme difficulty in assigning individual specimens to one or
the other taxon.

Clothier (1950) at the University of Montana tried to

distinguish the two supposedly distinct species by frequency analyses of
tail, hind foot, tooth, and cranial measurements of 219 specimens, pooled
mainly from three localities in western Montana (i.e., Missoula, Flathead
Lake (Yellow Bay), and Glacier National Park west of the Continental
Divide).

Although he was careful to assess the effects of sex, age,

and seasonal changes on individual variation, graphs of his data failed
to show the bimodal distribution patterns one would expect from species
populations having significantly different average measurements.

He

was thus led to believe that only a single species was present in his
sample, "2' vagrans monticola."
Clothier’s failure to distinguish vagrans and obscurus in western
Montana seems to be the result of assuming that populations of both shrews
would be distributed sympatrically over the whole region.

Most of his

material was collected from fairly low elevations west of the Continental
Divide.

This fact alone must have biased his sample very heavily toward
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vagrans.

My own data suggest that obscurus is relatively uncommon below

5000 ft. in western Montana.

At any rate, the lack of conspicuous mor

phological differences does not prove conspecificity.

Mayr (1963) has

cited numerous examples of sympatric sibling species with negligible
morphological differences which are highly dissimilar in behavior,
physiology, reproductive biology, and niche ecology.

Recent work on the

chromosomes of "Sorex araneus" in Europe (MeyIan, 1964, 1965a; Ott,
1968) has revealed the existence of two reproductively isolated species
whose morphological differences are so subtle that they went unnoticed
for over 200 years.
Findley's comprehensive revision of the

vagrans-obscurus complex

(1955b) was an admirable attempt to answer some of the questions raised
by Jackson's earlier treatment of the group; for the most part his con
clusions were radically different than those of his predecessor.

The

four forms Jackson considered distinct species (i.e., vagrans, obscurus,
vaquinae, and pacificus) Findley lumped together under the single name
Sorex vagrans.

The large areas of apparent intraspecific geographical

sympatry which resulted were accounted for by postulating the existence
of an overlapping ring of subspecies similar to that described for the
herring gull (Larus argentatus) complex by Mayr (1963: 508), or for the
lungless salamander Ensatina eschscholtzi by Stebbins (1949, 1957).
Although Findley thought that the entire _S. vagrans group should be
considered a single species, it is clear from his zoogeographical analysis
that he believed the forms with which he was concerned had developed from
three basic stocks which became isolated from one another during the
final Pleistocene glaciation.

These were reunited, after considerable
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genetic differentiation had taken place, as the glaciers retreated.

The

ancestors of the modern obscurus group supposedly moved northward and
westward out of southwestern Rocky Mountain réfugia and encountered and
secondarily intergraded with Pacific Coastal shrews ancestral to modern
pacificus.

The ancestors of the vagrans group supposedly fanned out

from Great Basin réfugia and came into contact with pacificus and
obscurus populations as they moved northwestward to the coast and north
eastward into the Rocky Mountains.

Theoretically, all gene flow between

montane and Great Basin forms at the southern end of Findley's "Rassenkreis" ceased at the close of the Pleistocene.

Although the obscurus

and pacificus shrews appeared to have intergraded in the coastal mountain
ranges of what is now Washington and Oregon (as indicated by an apparent
continuum of intermediate races; obscurus, setosus, bairdi, permilliensis,
yaquinae, and pacificus) , the ancestral vagrans populations were thought
to have diverged so much genetically from the coastal forms that the
two groups were reproductively isolated from each other by the time they
became sympatric.

However, Findley believed, isolating mechanisms between

eastern vagrans populations and populations of ancestral obscurus in the
Rocky Mountains had not developed enough to completely exclude gene flow
between these two forms when they came into contact, and widespread
introgression over broad areas of partial sympatry and at certain specific
Opntact zones appeared to have taken place.
Findley synonymized the taxa
and northern

vagrans amoenus,

v . nevadensis,

2» monticola" (=^. v^» dobsoni) , with typical

v. vagrans

because of their obvious genetic continuity (acknowledged by both Merriam
and Jackson).

However he felt that there was no evidence to support the
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Idea of a direct relationship between the northwestern vagrans forms and
typical 2° V. monticola from the mountains of Arizona and New Mexico.
Y" monticola appeared to be a direct derivative of the ancestral
central Rocky Mountain obscurus populations; indeed my own data seem to
bear this out.

(From a zoogeographical point of view Jackson had little

justification for lumping dobsoni with typical monticola.
specimens of

The few

vagrans supposedly collected from intermediate local

ities in Colorado (Warren, 1942) were probably only small representatives
of a highly variable obscurus population.— Compare Figures 1 and 2.)
Apart from synonymizing them with
the obscurus taxa very little.

vagrans, Findley redefined

The Sierra Nevada populations were renamed

vagrans obscuroides" because he believed them to be more directly
related to

v. vagrans than to theftypical form of obscurus.

Several

isolated populations of diminutive obscurus-like shrews from the small
mountain ranges in central Montana (considered
1895) were grouped together under the name

v. dobsoni by Merriam,
v. longiquus (Fig. 2).

Although Findley's interpretations have been accepted by many
American mammalogists (Hall and Kelson, 1959; Hoffmann and Taber, 1960;
Hoffmann and Pattie, 1968; Long, 1965; among others), a number of workers
at West Coast Universities have expressed reservations.

Johnson and

Ostenson (1959) are of the opinion that Jackson's 1928 classification
should be upheld until the true biological relationships of the various
members of the

vagrans-obscurus complex are more thoroughly understood.

S. B. Benson and C. P. Pearson (pers. comm.), at the Museum of Vertebrate
Zoology, Berkeley, California, are reluctant to consider
2» pacificus conspecific.

vagrans and

Attempts have been made by their students to
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find karyotypic differences between populations of the two from the
northern Coast Range of California, but results so far have been
inconclusive.

(R. J. Brown at Davis (pers. comm.) has suggested that

chromosomes may be quite conservative in the _S. vagrans and

ornatus

complexes, and may be valueless for making taxonomic comparisons within
these groups.)
Findley described the geographical and ecological differences
between vagrans and obscurus in Montana more precisely than did
Jackson, but his diagnoses of subspecific differences were based on
somewhat unreliable criteria: external body measurements and subjective
differences in pelage coloration.

Without museum collections for com

parison, precise identification of individual specimens from western
Montana is still virtually impossible.

R. S. Peterson, while a student

at Dartmouth, critically examined a series of over 200 specimens he
had collected from 1957 to 1959 in the Bitterroot Valley, Ravalli Co.,
Montana.

This is one of the areas in which Findley's distribution maps

show vagrans and obscurus to occur sympatrically.
were inconclusive.

Peterson's results

Commenting on the difficulties he found in applying

Findley's criteria to identification of the two forms, he noted: "...The
distinctions between Findley's

v. vagrans and

v. obscurus are

not so clearly apparent as that worker implies, and specimens of nearly
the same dimensions are differentiated by Findley through character
analysis which I do not yet fully understand."

(Peterson, MS, 1958,

p, 10).
The primary difficulty in dealing with contiguous populations
of Sorex vagrans and

obscurus in the Rocky Mountains has been the

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.

14
close morphological similarities between the two forms.

These

similarities prompted Clothier to deny the existance of two distinct
species, and led Findley to believe that reproductive isolation had
broken down between them over a wide front.
clusions seems to be valid.

Neither of these con

Two forms are present and the intermediate

types one would expect if broad introgressive hybridisation were taking
place (Henrich, 1968; Mayr, 1963; Rudd, 1955a; Sibley and Short, 1964;
Yang and Selander, 1968; and others) have not been observed.

Although

differences in body measurements between the two species may be almost
negligible in western Montana, differences in dental configurations
and cranial dimensions indicate that _S.

vagrans and

o^. obscurus

are indeed morphologically distinct.

III.

MATERIALS AND METHODS

About 628 post-juvenile specimens were examined; cranial measure
ments from 521 of them (^. v. vagrans and

o^. obscurus only) were

analyzed statistically (see Appendix A for locality information).
Although a great many criteria have been used in

past attempts to

assess morphological variation and differentiation in shrews, I have
limited this study for the most part to an analysis of cranial dimensions
and certain qualitative aspects of dental structure,

Jackson (1928)

and Findley (1955b) relied heavily on field measurements from museum
specimens (i.e., total length, tail length, hind foot, etc.).
body measurements may be affected by so many extraneous factors

However,
(e.g.,

judgment and competence of various preparators, condition of specimens,
etc.) that their usefulness in specific and subspecific comparisons
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among shrews Is somewhat questionable, unless such data are collected
by a single worker under fairly uniform conditions (Clothier, 1950;
Hamilton, 1940; Johnson and Ostenson, 1959; Meester, 1963; Palmer, 1947;
Peterson, MS).

The problem is compounded by seasonal and age fluctua

tions in body length and weight

(Clothier, 1950; Conaway, 1952; Dehnel,

1949; Hamilton, 1940; Jamesoni 1955; Z. Pucek, 1965; Saure and Hyvarinen,
1965; Siivonen, 1954).

For my purposes the use of field data for more

than rough comparisons was quite impractical.

Many of the specimens

available to me were without skins; over a third of them
served

had been pre

in formalin before preparation (formalin and ÂFÂ are known to

cause up to 5% shrinkage in preserved vertebrate specimens); and a good
many more lacked certain data, usually weight.
Subjective pelage color comparisons were also used extensively by
Jackson and Findley.

Such techniques involve matching specimens by

eye to some standard color system (Bowers, 1956; Ridgway, 1912, etc.)
or to a graded series of reference specimens (Rudd, 1955a).

These pro

cedures may be of great value, but they have been criticized because
of their lack of repeatability; several more objective colorimetric
techniques have been devised
Pelage

color

(Desha, 1965; Selander et al, 1964).

differences between S.
—

IP'»'"

v. vagrans and S. o,obscurus
■"'■I

—

—

V».

—

■"■W'l.

fairly subtle, especially during the summer when most specimens of
obscurus have been collected.

Much of the material at my disposal was

either very old or had at one time been preserved in formalin; both
circumstances cause reddening or fading of pelages in museum specimens,
making meaningful color comparisons impossible.
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A.

FIELD TECHNIQUES
To supplement available museum material, I collected 94 specimens

(87

V.

vagrans and 7

o^. obscurus) from Glacier, Flathead, Lake,

Missoula, and Ravalli Counties, in western Montana, from July to
December, 1967.

Two kinds of traps were used:

standard mouse-snap

traps baited with various combinations of peanut butter, rolled oats,
bacon grease, and anise oil (see Conaway, 1952), and unbaited pitfall
traps made from 1-gallon cans sunk into the ground.

The can traps were

far more convenient and effective than snap traps for collecting shrews.
Several good discussions of this technique are in the literature (Brown,
1967; Buckner, 1955; Coulombe, 1964; MacLeod and Lethiecq, 1963).
In the field, or in the lab after a day of collecting, three
standard measurements

(total length, tail, and hind foot) were taken,

and the shrews were weighed to the nearest 0.1 gm on one of several
small triple beam balances.
determined by dissection.

The sex and reproductive condition were
Finally the skulls were removed, rinsed, and

dried for future cleaning by dermestid beetles.

The intact carcasses

were fixed in AFA or 10% formalin and ultimately preserved in 70% EtOH
for possible future examination.

B.

CRANIAL DIMENSIONS
The following cranial dimensions and proportions are as described

by Findley (1955b) and Dapson (1968a, cranial height only).

Measurements

were taken to the nearest 0.1 mm with a Helios metric dial caliper:
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Condylobasal length —

From.the anterlormost projection of the

premaxillae to the posteriormost projection of the occipital
condyles.
Maxillary toothrow —

From the posteriormost extension of M

to

the anteriormost extension of the first unicuspid.
Palatal length —

From the anteriormost projection of the pre

maxillae to the posteriormost part of the bony palate
(bony transverse ridge— D.N.H.).
Cranial breadth —

Greatest lateral diameter of braincase.

Least interorbital breadth —

Distance between the medialmost

superior edges of the orbital fossae, measured from points
immediately above and behind the posterior openings of the
infraorbital foramina.(This is not quite the same as "Interorbital breadth," used by Jackson (1928) and Clothier
which averages 0.2-0.5 mm larger.

(1950),

This dimension also appears

to have been figured inaccurately by Findley (1955b: 5),
matching the position pictured earlier by Jackson (1928: 13)
rather than Findley's description. —
(Gross) Cranial height —

D.N.H.)

Maximum height of the braincase,

measured from the periotic protuberances to the top of the
skull and including the sagittal crest if present.

From each skull the first three measurements were taken with the
caliper under a dissecting microscope (ca. x 15), but the remaining
four could be made accurately without magnification.

At the beginning

of the study I measured a series of five skulls ten times; error resulting
from variations in my technique was generally not greater than to.05 mm.
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Many of the skulls examined had been broken (a major disadvantage of
snap-trapping) and provided only partial data.

Approximations were

made of missing dimensions whenever practical, for use in the identi
fication of certain specimens; however such estimates were not included
in the statistical treatments.

(One exception was made, there being

no doubt about the accuracy of the estimate;

Condylobasal length

and cranial breadth from the specimen of obscurus from the "HAMILTON"
population.)
When I began to examine the material for this study a question
arose about the possible effects of formalin or AFA in altering the
dimensions of shrew skulls.

As mentioned earlier, these preservatives

are known to cause major shrinkage in whole vertebrates prepared as
alcoholic specimens.

Mead

(1967) and M. Pucek (1967) have reported

significant decreases in eye lens and body organ weights as a result
of formalin fixation.

Over 200 of the specimens I examined (Peterson

collection, Dartmouth College Museum) were collected in the vicinity
of Hamilton, Montana, and were maintained in formalin solution some
time before being prepared as study skins.

In addition, a number of

obscurus from the Beartooth Plateau were collected from sunken cans
filled with an alcohol-formalin-water fixative.

Although specimens

from the latter group became discolored and actually deformed to the
extent that I had to eliminate them from statistical treatment, the
skulls from Peterson's collection did not seem greatly affected by
the formalin.

Geographical comparisons between "HAMILTON" and other

nearby vagrans populations not subjected to formalin show no signifi
cant reduction in any of the dimensions or proportions (see Section V I ) .
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C.

AGE DETERMINATION
In order to accurately assess interpopulation variation in any

group of mammals the extent of sex and age variation must be well
understood.

Secondary sexual differences in body and cranial dimensions

within the genus Sorex are thought to be negligible (Clothier, 1950;
Findley, 1955b; Jackson, 1928), but age differences may be quite
pronounced.

It is therefore necessary to group specimens into age

categories before meaningful taxonomic comparisons can be made.
A good summary of aging systems for shrews is available in Rudd
(1955b).

Clothier (1950), Conaway (1952), and Dapson (1968b) have

worked out objective methods for determining relative ages by the
summation of measurements taken from various teeth with an optical
micrometer.

Such techniques are precise, but are cumbersome when dealing

with large series of specimens.

Several subjective methods have been

devised (Pearson, 1945; Pruitt, 1954), but the one I chose to use was
developed by Rudd (1955b).

This system is based on twelve categories

determined by degree of toothwear, development of the cranial crests,
and changes in the inclination of the rostrum and the first upper
incisors with advancing age (see Appendix B for details).

Although

such aging techniques have been criticized because of their subjecti
vity, Rudd's system has the advantages of being convenient and rapid
to use;

it makes possible approximations of age in terms of months, and

it is less apt to be influenced by regional differences in food hardness
than are methods based on toothwear alone.
Subjective criteria for age determination are unfortunately prone
to misinterpretation, and I was in error to some degree in my application
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of Rudd's system to many of the younger specimens

(classes 1~ to 3“ ) .

This is discussed further in Appendix B; the basic problem was my
tendency to over-estimate ages of immature shrews by as much as 1 or
1-1/2 months.

I do not believe however that these circumstances alter

the significance of my analysis of age variation.

Most age-related

morphological changes in vagrans and obscurus take place after the
attainment of adulthood, from class 3 onward (Rudd, 1955b: 324).

The

diagnoses for classes 3 to 4"^ were less prone to misinterpretation than
those of the seven preceding classes.

D.

STATISTICAL ANALYSIS
Data from 406

statistically.

;v. vagrans and 115 S_. o^. obscurus were treated

In order to facilitate meaningful analysis, specimens

from the numerous collecting localities were grouped into 15 populations
(Fig. 3; see also Appendix A).

Several of these are somewhat hetero

geneous aggregations of localities from which very few specimens were
available (i.e., SE WASHINGTON, NE WASHINGTON, MISSOULA EAST, BOZEMAN,
and to some extent FLATHEAD VALLEY and GLACIER P A R K ) ; This was especially
necessary in many cases in order to assemble enough obscurus for treat
ment.

Whenever possible, however, populations were grouped to include

only localities with a great deal of geographic continuity and ecological
similarity.
I undertood two major analyses:

a comparison of morphological

variation with age in each of the single largest populations of vagrans
and obscurus, from HAMILTON and the BEARTOOTH PLATEAU respectively, and
an analysis of geographical variation in the two taxa among the fifteen
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Fig. 3.— Distribution of the specimens and grouped samples used
in this study (see Appendix_A).
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populations described above.

Using the seven variables listed above,

range, mean, standard deviation (according to the formula s^=_________ N
N-1
Simpson et al, 1960), standard error of the mean

all sample

sizes), and coefficient of variation were calculated.

Only the range

and mean were considered for samples of fewer than six individuals.
Graphical representation (except for scatter diagrams) follows the
system devised by Dice and Leraas (1936), as applied recently by Banks
(1964), Fisler (1965), and Johnson (1963, 1966), among others.

The

differences between samples are taken to be statistically significant
if the distance between their means is greater than twice the sum of
their standard errors (i.e., the rectangles representing twice the
standard error on either side of the mean do not overlap— Mayr et al,
1953),

Borderline cases are resolved by the use of Student's t-test

(Simpson et al, 1960), with 5% taken as the level of significance (all
tests two-sided).

All computations were done on an electric desk

calculator.

IV,
A.

SPECIES IDENTIFICATION

IDENTIFICATION CRITERIA
As I emphasized earlier, the major stumbling block in past attempts

to clarify the relationships between

_v° va%rans and

2" obscurus

in the northern Rocky Mountains has been the unreliability of the
criteria used to distinguish the two forms.

Although quantitative

differences in body and, especially, cranial dimensions do exist,
considerable variability occurs, and individual specimens often cannot
be positively identified by any of these means.

In my own investigations.
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however,

I have discovered a conspicuous set of dental characters which

fulfills the need for an absolute, qualitative criterion for differen
tiating vagrans and obscurus in the Rocky Mountains.
The presence of a pair of opposing medial tines on the first upper
incisors of any Sorex shrew (Fig. 4) appears to have been overlooked
by systematists until Heptner and Dolgov (1967) erected a new subgenus,
Ognevia, for the Ussuri giant shrew, S_. mirabilis, based upon its unique
development of these tines.

I have examined skulls from numerous species

of Palearctic and Nearctic Sorex (as well as Microsorex) and have found
that, although they are never as well developed as in

mirabilis,

medial tines on the first upper incisors occur rather widely.

Further

more consistent differences in the size and position of the tines in
relation to the extent of tooth pigmentation seem to exist from species
to species, suggesting potential utility in taxonomic investigations.
Merriam appears to have been the only worker to note pecularities
in the dental structure of vagrans or obscurus at all related to the
character I have just described.

Referring to shrew populations in

central Montana and northern Wyoming, now considered to be forms of
S_c obscurus, he stated:
"...Skulls of dobsoni from the Big Horn Mountains have
the braincase flatter

(more depressed posteriorly)

those from the adjacent Pryor Mountains.

than

The latter agree

with specimens from the Big Snowy Mountains in having the
braincase high posteriorly and the teeth heavily pigmented."
(1895: 68; italics mine)
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Fig. 4.— Anterior views of the first upper incisors of (A) Sorex
V, vagrans (from the HAMILTON population), and (B)

jo. obscurus (from

the BEARTOOTH PLATEAU), showing the respective tine-pigment configura
tions.

Representatives from the four major age classes (Appendix B)

illustrate the effects of age-related toothwear.

(Specimens figured—

A: 1, DCM* 3030; 2, DCM 3076; 3, DCM 2922, 4, DCM 2993.

B:

1, UMZ

7186; 2, UMZ 8954; 3, UMZ 7185; 4, UMZ 8188.)

*Dartmouth College Museum specimen numbers are preceded by the accession
number 158-45 (e.g., DCM 158-45-3030).

R eproduced with permission o f the copyright owner. Further reproduction prohibited without permission.

v aImrans

oèscurus

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.

25
Findley (pers. comm.) failed to see any special significance in either
the pigmentation or the structure of the first upper incisors, and
took no note of the medial tines.
Examination of skulls from thirteen subspecies of Sorex vagrans,
. obscurus, and

pacificus (Appendix A) has revealed three basic

incisor configurations which, with a few interesting exceptions,
correspond to the three Jacksonian species.
and Dolgov

As demonstrated by Heptner

(cp^ cit) medial tines are absent from the deeply pigmented

first upper incisors of pacificus, but they are generally well developed
in all of the subspecies of vagrans and obscurus examined.

Consistent

species-specific differences in the position of the tines, in the
height and intensity of the red pigment, and in the relationship of the
tines to the pigment, were observed in all but a few problematical
Pacific Coastal forms (i e.,
paludjvagus, and

o^. elassodon,

halicoetes) .

_0" longlcauda,

v.

Merriam, quoted above, noted pigment

differences, and his illustrations of the rostra of typical vagrans
and obscurus

(1895: 117), although they do not actually show the medial

tines on the incisors, seem to agree with my own observations of
differential tooth pigmentation (compare Figures 4 and 5).
In vagrans and obscurus these differences in incisor color and
structure are quite distinct, and (except for very old adults) allow
easy separation of one form from the other on the basis of tooth pattern
alone (Fig. 4).

In vagrans the tines are relatively high on the medial

face of the tooth;

the pigment is relatively pale and generally extends

no higher than the level of the medial tine; and there is often a faint
separation between the pigment of the tine and that of the rest of the
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Fig. 5.— Lateral views of the rostra of (A) the type of
obscurus (USNM
of

o_.

23525; Salmon River Mtns., Idaho), and a specimen

vagrans from Aberdeen, Washington (USNM 24322), showing

relative differences in the pigmentation of the first incisor
(after Merriam, 1895: 117, figs. 1 and 2).

Fig. 6.— Anterior views of the first upper incisors of (A)
obscurus and (B) vagrans, showing the three measurements taken with
an optical micrometer:

h, height of the incisor; d, tine height;

p, pigment height.
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tooth.

The tines in obscurus are lower on the face of the incisor and

usually better developed (larger); the pigment extends far above the
level of the tine and is often very dark (deep red to almost b l a c k );
there is no faint separation between the tine pigment and that of the
rest of the tooth.
Three tooth measurements were taken with an optical micrometer
(x30 magnification) from 83 vagrans and 57 obscurus (HAMILTON and
BEARTOOTH PLATEAU populations): height of the incisor to the cingulum
(h; measured on a plane roughly perpendicular to the longitudinal
axis of the skull), tine height (d), and pigment height (p— Fig. 6).
Average values were taken from each pair of incisors (only one tooth
was considered when the other incisor was broken or m i s sing).

Figure 7

demonstrates the quantitative differences between vagrans and obscurus
tine configurations.

Only pigment height and tine height differences

are of significance.

The value (d-p) varies from 4-2 to -5 (optical

micrometer units)

in v a g r a n s , and from -6 to -15 in obscurus.

Although

mean values in both species change with age (due to tooth w e a r ) , there
is no overlap, and mean interspecific differences are highly significant.
The incisors are worn down to (and beyond) the level of the medial
tines much sooner in obscurus.

At least some pigment remains long

after the tines have completely disappeared, while in vagrans the tines
may persist longer than the pigment

(compare 4A and 4B, Figure 4).

These tine-pigment configurations are not simply expressions of
a genetic polymorphism (see Mayr, 1963: 150-163).

Shrews demonstrating

one or the other tooth pattern have collected together from several
localities in western Montana.

With few exceptions,

the two configurations
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Fig. 7.— Tine-pigment relationships in the first upper incisors
of Sorex vagrans and

obscurus:

(A) Tine height minus pigment height

(d-p), plotted by age class in HAMILTON vagrans (open symbols) and
BEARTOOTH PLATEAU obscurus (solid symbols).
in optical micrometer units (QMU).

Measurements (see Fig. 6)

Solid lines connect mean values.

Crosses represent the number of specimens with teeth worn past the level
of the tines (e.g., Fig. 4: B-4.

This condition is much more common

in old obscurus, since the tines are relatively lower on the face of
the incisor than in vagrans) .

Tine height is equal to or greater than

pigment height in about 33% of the vagrans examined.

This condition is

particularly common in old adults (see Fig. 4: A-3 and 4).
(B)

Statistical analysis of d-p values in the above specimens—

all age classes lumped.

Vertical lines indicate the range of values

and horizontal lines, the means.

Open rectangles represent one standard

deviation and closed rectangles represent two standard errors (a 95%
confidence interval), on either side of the mean.

Mean interspecific

differences are highly significant, and the ranges do not overlap.
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were correlated with highly significant differences in cranial dimensions
and proportions.
Figure 8 demonstrates the relationship between the two speciesspecific incisor patterns and differences in rostral proportions between
vagrans and obscurus.

Findley (1955b: 8-9) considered cranial propor

tions in these shrews to be dependent largely upon the size of individual
specimens, and of small value in taxonomic comparisons.
suggest, however,

that this may not be the case.

My own data

Shrews showing diff

different incisor configurations have palatal indices which fall into
two distinct groups, regardless of the length of the skull,

Even

specimens of obscurus from Townsend, Montana, smaller than most v a g rans,
have rostra proportionally long as those of much larger obscurus
from the Beartooth Plateau.

The presence of two discrete classes of

shrews, obviously different in dental structure and cranial proportions,
is compelling evidence that vagrans and obscurus are morphologically
distinct species.

B.

TAXONOMIC CONCLUSIONS
SOREX VAGRANS and its subspecies. —

The typical vagrans incisor

configuration (Fig. 4, A) was found consistently in all specimens of
Y" vagrans examined, from California to British Columbia and inland
to western Montana.

Although northern montane vagrans are significantly

larger than more typical forms from Washington there seems to be no
reason to resurrect Merriam's trinomial dobsoni; the morphological
transition occurs generally over a west to east clinal gradient, and
separate subspecific status would be unrealistic and confusing.
The two endemic San Francisco Bay Area subspecies,
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Fig. 8.— Scatter diagram showing the relationship of rentrai
proportions to skull length in Sorex vagrans (from the HAMILTON
•population) and S_. obscurus (A, TOWNSEND: B, BEARTOOTH PLATEAU).
Solid (and semisolid) symbols are obscurus, open symbols are vagrans,
Circles are Rudd age class 1, upright triangles class 2, inverted
triangles class 3, and squares class 4.
the observed zone of overlap.

Stippled area represents

Data used here are from the specimens

examined for Fig. 7 (except for TOWNSEND obscurus) .
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and

V.

paludjvagus, are problematical; cursory examinations by

myself and others (J. D. Smith, pers. comm.) indicate that neither of
these two races may be consistent in incisor form.

The vagrans con

figuration is more common, but a large percentage show a pattern which
seems to approach that which I described above for obscurus (Fig. 4, B ) .
Rudd (1955a) indicated that a certain amount of gene flow may occur
in the Bay Area between S^. vagrans sspp. and populations of
and

ernatus

slnuosus, which appear to have an incisor pattern much like

that of obscurus.

Alternatively, genetic drift may be of significance;

San Francisco peninsula populations have been effectively isolated
from typical _S. ;v. vagrans by the Golden Gate for some thousands of
years.

It is also possible that many supposed specimens of halicoetes

and paludjvagus in museum collections are actually misidentified
ornatus; Rudd has suggested (op. cit.) that the morphological differ
ences between

vagrans and

ornatus are not as consistent as once

was believed.

SOREX OBSCURUS and subspecies. —

Specimens of the races alascensis,

b a i r d i , longiquus, monticola, obscurus, setosus, and shumaginensis
showed consistently the incisor configuration I have described for Sorex
obscurus

(Fig. 4, B) .

Some central Montana populations of o^. obscurus

(i.e., BOZEMAN, TOWNSEND)

show trends toward reduced size which may

culminate in the diminutive race o^. longiquus described by Findley
(1955b: 49).

Further investigations of geographic variation in longiquus

and its ecology and habitat distribution as compared with adjacent
obscurus populations are definitely needed.
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Many traditional taxonomic, and some popular, works have considered
the large gray shrew of the Sierra Nevada synbnyihous with typical
_S. o^* obscurus of the Rocky Mountains (Burt, 1954; Hall, 1946; Ingles,
1965; Jackson, 1928; and Merriam, 1895).

Findley (1955b) believed,

however, that this form was more closely allied to the typical varieties
of

v a g r a n s , and coined the name

v. obscuroides.”

The dentition

of obscuroides gives no evidence of a close relationship to
the incisor pattern is that of obscurus.
uphold the earlier classifications

Accordingly, I am led to

(e.g., Jackson, 1928); if the sub

species is recognized it should bear the name
Specimens of

v. vagrans;

jo. elassodon and

obscurus obscuroides.

jo. longicauda examined, from

islands along the southeastern panhandle of Alaska, vary considerably
in incisor pattern.

Strangely, the configuration I described for

vagrans is the one more commonly exhibited!

Gene exchange with vagrans

populations to the south seems unlikely, although there is a possibility
that elassodon and longicauda represent relictual vagrans populations.
In many ways this situation is reminiscent of that of
halicoetes and

vagrans

v. paludivagus in the San Francisco Bay area.

Perhaps

genetic drift among reproductively isolated island populations is
responsible for this peculiar phenomenon.

Certainly this is another

area which deserves further study.

SOREX PACIFICUS and

YAQUINAE. —

Jackson (1928) considered

pacificus and vaquinae to be distinct species.
synonymized the Ussuri giant shrew

Brobinskii et al (1944)

mirabilis with pacificus; their

methods and conclusions were criticized by Johnson and Ostenson (1959),
and Heptner and Dolgov (1967) demonstrated convincingly that the two
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species are morphologically quite distinct, particularly in dentition.
Examination of two specimens of mirabilis

(borrowed from the University

of Moscow Museum of Zoology) by Dr, Hoffmann and myself confirmed that
this Asian form is undoubtedly more closely related to shrews of the
subgenus Sorex than to those of primarily Nearctic Otisorex, which
includes

pacificus.

Findley (1955b) believed that

pacificus intergrades with coastal

populations of obscurus through the intermediate form vaquinae, speci
mens of which I have not seen.

However, the specimens of pacificus I

examined (Appendix A) showed no evidence of the incisoral tines which
are prominent in obscurus, although the tooth pigmentation was as
extensive.

This is consistent with the findings of Heptner and Dolgov

(op. cit.: 1421, fig. 1) and suggests that pacificus is divergent from
typical obscurus.

I chose to consider

pacificus a full species,

although further research may validate Findley's conclusions, 1 cannot
comment on the systematic position of

V.

yaquinae.

AGE AND SEASONAL VARIATION

Since morphological variation within shrew populations resulting
from age or environmental factors may be quite pronounced, considerable
effort must be made to assess its effects before meaningful interpopuT
lation comparisons can be made.

Merriam (1895) and Jackson (1928)

took pains to note differences in cranial morphology between old and
young shrews of the same species.

Several more contemporary taxonomists

carried out lengthy analyses of individual variation before attempting
systematic comparisons (Clothier, 1950; Findley, 1955b; Rudd, 1955a,
1955b; Siivonen, 1954, 1965).

My purposes here are threefold: to
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determine the nature and extent of time-related morphological change
in

V. vagrans and

o^. obscurus in Montana, to assess the relative

effects of age and seasonal factors in causing some of these changes,
and to compare overall differences in body and cranial dimensions
between reference populations (and in some cases grouped populations)
of vagrans and obscurus .

A.

AGE STRUCTURE. —

The maximum lifespan of any Sorex shrew is

generally recognized as 16 to 18 months.

Rudd (1955b) estimated 16

months as the maximum age for S^. vagrans in the San Francisco Bay area
and noted that few individuals seemed to live longer than 12 months.
The following comments apply to S^. vagrans in particular, but are
generally true of all So r e x .

Little is known about the reproductive

biology of obscurus except for some data on alpine and high subalpine
populations from R. S. Hoffmann (pers. comm., citing data by Taber
et al), Hoffmann and Taber (1960), and Vaughan (1969).
Birth usually occurs in the Spring.

In Washington and California

pregnant females have been collected as early as February (Dalquest,
1948; Rudd, 0 £. c i t .), but most births occur during March and April
in Montana as well (Clothier, 1955).

R. S. Peterson (pers. comm.) and

I have trapped pregnant females in the latter part of March.

Apparently

some parturition occurs throughout the summer, until as late as August
(Clothier, ojo. c i t .) or even October and November (Dalquest, op^. c i t .;
R u d d , 0 £. c i t .), but the peak is reached in late Spring.

Hoffmann

(pers. comm.) and Vaughan (1969) report that breeding seems to begin
in early June among alpine and high subalpine populations of obscurus
in the Rocky M o u n t a i n s .
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Clothier

C1955) cites one possible incident of post^partum mating

in v a g r a n s , but this phenomenon appears to be much less frequent in
vagrans than in the European

araneus (Crowcroft, 1957),

(1966) recorded that females of
as five consecutive litters, and

Buckner

cinereus in Manitoba produced as many
arpticus as many as three.

Gestation lasts about 21 days (Rudd, 1955b).

Juveniles remain

in the nest for slightly over one month (40 days in Notiosorex—
Hoffmeister and Goodpaster, 1962), after which time the shrews are
essentially fully developed.

Generally speaking, post-juvenile Sorex

(i.e., fully weaned) fall into three general age categories (Hamilton,
1940);

immature (small, usually sexually inactive), subadult (gaining

weight prior to maturity), and adult (sexually mature); old adults
are post-breeding individuals in their second year of life.

For the

most part, vagrans shrews remain sexually inactive until the end of
their first year, although both Rudd and Clothier report females pregnant
or giving birth late in the summer of their birth.

Similarly, I found

two vagrans pregnant in July (Glacier Park, Bison Range), and Hoffmann
(pers. co m m . , citing by Taber et al) reports three alpine obscurus
pregnant in August and early September of their first year.

Buckner

(1966) reported 13 female cinereus and three arcticus which appeared
to have bred in consecutive years.
Toward the end of the first winter gamete production becomes evident
in v a g r a n s .

The appearance of sperm in the testes of males in mid-

February (Clothier, 1955) is accompanied by considerable weight gains.
Similarly,

the females attain breeding condition by February or March

and pregnancies occur throughout spring and early summer as described
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above.

Post-breeding adults persist in the population throughout summer

and into the fall, their reproductive organs somewhat regressed or
degenerated.

Their proportion in the total population gradually

diminishes, until by November

(my data) or December (Rudd, 1955b) of

the second year essentially all old ("moribund"— Siivonen, 1954) adults
have died out.

Few records exist of individual Sorex surviving their

second winter. Montagu (1922) cites one such case for

araneus, and

Buckner (1966) noted three specimens of cinereus which survived 23, 19,
and 17 months, and a specimen of arctlcus which survived at least 18
months.
Figure 9 illustrates the relationship between the four major Rudd
age classes (see Appendix B for details) and a two year cycle beginning
in March, when the first young of any given generation begin to leave
the nest.

Included here are age and month of capture data for all

%. vagrans and
Beartooth Plateau).
months.

obscurus examined from Montana (including the
Each age class represents a period of about four

A number of things are apparent from the figure:

The first post-juvenile vagrans (class 1) appear in April.

(One

specimen from February was collected by Peterson, at Hamilton in 1958;
it was a ver y small shrew with a fragile skull which was broken.

It

may have been a juvenile not quite fully grown, certainly the product
of an extraordinarily early mating!)

At the onset of the breeding

season almost all shrews in the population are of class 3 (ca. 9 to
12 months).

By July about 75% are offspring of the year; by October

only 5% are old adults of the previous generation; and by December
essentially all individuals are young of the year, aged 5 to 8 months.
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Fig. 9.— Population age structure in Sorex v. vagrans and

o^.

obscurus, by month— lumped Montana data (including BEARTOOTH PLATEAU).
Vertical bars represent the percentage of the total specimens collected
each month to be found in each of the four age classes.
represent the number of individuals per age sample.

Small numbers

S. v. vagrans,

diagonally hatched bars; S_. o_. obscurus, solid bars.
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The obscurua data are not so revealing.

Far fewer specimens were

available, especially from the winter and early spring when m o s t .
obscurus habitat in Montana is under snow and inaccessible.

Compared

with v a g r a n s , there seems to be a lag of one or two months in the
appearance of certain proportions of young in the population.

This is

especially evident between the respective rises in class 2, in declines
in 3 during the summer, when abundant data for both species are available.
This apparent time lag in breeding period is consistent with observations
of late season reproductive activity in alpine and high subalpine
obscurus (Hoffmann and Taber, 1960; Taber e^ a^, MS; Vaughan, 1969).
However, rather than reflecting fundamental differences in biology
between vagrans and obscurus this phenomenon may be only the result of
differences in ecological conditions.

Most of the summer vagrans in

my sample were collected from elevations below 4000 ft,, where the snow
is usually gone by early May.

However, snow often persists at alpine

and subalpine levels until as late as mid-July; most summer obscurus I
examined were taken from elevations of 6000 to 10,000 ft.
noted that

Jameson (1955)

trowbridgei living in south-facing brushlands in the

Sierra Nevada commenced breeding at least one month before populations
of the same species living in dark coniferous forest only 200 yards
away.

Surely the climatic differences between lowland and alpine regions

in May are of sufficient magnitude to account for the apparent time lag
in the onset of breeding in obscurus.

B.

BODY MEASUREMENTS. —

The difficulties involved in applying external

body measurements to taxonomic comparisons among shrews have already
been discussed in previous sections.

However, despite the crude and
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incomplete nature of such data it is worthwhile to examine them.

In

Figures 10 to 18, five variables (i.e., total length, body length, body
weight,

tail length, and hind foot length) are plotted as histograms,

by age class and, except for hind foot, by trimonthly periods which
correspond roughly to the four seasons.

Perhaps the most striking

differences are those among field measurements from Peterson's shrews
(corrected for formalin shrinkage at the time of preparation), specimens
in the University of Montana (UMZ) collection (various preparators),
and m y own material.
sample populations
1.

The data are lumped from the twelve Montana

(Fig. 3) and are distinguished only by species.

Total length (Figs. 10, 11).

According to Jackson’s (1928)

key, shrews with total length less than 110 m m are supposed to be
V.

monti c o l a ," while those longer than that are

obscurus.

Findley (1955b) gives average values of 104.1 (99-109) and 110.3
(105-117) for topotypes of

v. vagrans and

v. obscurus."

Figures

10 and 11 indicate that these values are really of small value in dis
tinguishing the two forms, at least in Montana.

Although obscurus

may average slightly longer than va g r a n s , the differences are minimal
indeed.

A slight increase at the onset of the breeding season may be

indicated by Peterson's data for spring of the second year (Fig. 11),
but other fluctuations are not conspicuous.
2.

Body length (Figs. 12, 13).

obscurus are very slight
in Figure 13.

Differences between vagrans and

(Fig. 12); seasonal changes are well demonstrated

There may be slight decline in average length from summer

to fall in first year vagrans (obscurus data are inconclusive), however
this does not appear to be significant.

This is followed by a sharp
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Fig. 10.— Total length distributions for Sorex vagrans and S^.
obscurus, plotted by age class— lumped Montana data.
sets of data are utilized:

Three distinct

Peterson's DCM material (vagrans, very

light stippling; obscurus, light hatching); specimens from the UMZ
collection (moderate stippling and hatching, respectively); and
material collected by myself (extremely heavy stippling and solid
bars, respectively).
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Fig. 11.— Total length distributions for vagrans and obscurus,
plotted by season.

Symbols as in Fig. 10.
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Fig. 12,— Body length distributions for vagrans and obscurus,
by age class.
vagrans —

Symbols somewhat different than in Figs. 10 and 11:

light hatching (Peterson's DCM material), light stippling

(UMZ), dark hatching (D. N. Hennings material); obscurus —
(DCM), moderate stippling (UMZ), solid bars (DNH),
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Fig. 13.— Body length distributions for vagrans and obscurus, by
season.

Symbols as in Fig. 12.
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increase the following spring at sexual maturity, which corresponds
to a similar trend in total length, hut is much more obvious here.
3.

Body weight

(Figs. 14, 15).

Weights are absent from Peterson's

material and many of the UMZ specimens.

Rudd (1955b: 334) commented

on the relative worthlessness of weight data for taxonomic comparisons
among shrews.

Significant differences do not exist between vagrans

and obscurus in Montana (Fig, 14).

Seasonal fluctuations evident in

Figure 15 are fairly consistent with the changes in body length dis
cussed above.

Prematurely breeding young of the first year are

considerably heavier than their age-mates.
as breeding adults of the second year.

They appear to be as large

There is an apparent autumn

weight regression among post-breeding vagrans in their second year
(although the data are too few to be certain of their significance).
4.

Tail length

(Figs. 16, 17).

Findley (1955b) gave average

tail lengths from topotypes of vagrans and obscurus as 43.3 (42-45)
and 46.4 (42-50), respectively.

Although tail length seems to average

slightly longer in obscurus than in v agrans, variation is so great that
it seems unlikely that these differences can be of much use taxonomically,
No age or seasonal fluctuations are evident,
5.

Hind foot (Fig. 18).

No significant interspecific differences

or changes with age are apparent.

Peterson's material seems to have

been measured differently than the rest, perhaps excluding the claw
on the middle toe.
Although slight differences in average body and tall length may
exist between populations of vagrans and obscurus in Montana,

individual

variation is so great that external dimensions are ill-suited for
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Figo 14.— Body weight distributions for vagrans and obscurus« by
age class.

Symbols as in Fig. 12.
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Fig. 15.— Body weight distributions for vagrans and obscurus. by
season.

Symbols as in Fig. 12.
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Fig, 16»— Tail length distributions for vagrans and obscurus.
by age class.

Symbols as in Fig, 12.
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Fig. 17.— Tail length distributions for vagrans and obscurus. by
season.

Symbols as in Fig. 12.
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Fig. 18.— Hind foot distributions for vagrans and obscurus, by
age class.

Symbols as in Fig. 12.
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systematic comparisons of the two shrews.

However, seasonal changes

in size as manifested in body length and weight (at least in vag r a ns,
but probably in both forms) are fairly conspicuous.

Many American

mammalogists have noted weight increases at the onset of sexual maturity
in shrews (Clothier, 1950; Conaway, 1952; Dapson, 1968a; Findley, 1955b;
Hamilton, 1940; Jameson, 1955; Pruitt, 1954; Rudd, 1955b),

Such changes

occur occasionally in the first year, and are essentially universal
in the second (Fig. 15).
Several European workers have presented evidence that fluctuations
in Sorex

body size may also be the result of seasonal changes

mental conditions.

On

in environ

the basis of cyclic oscillations inskull

height

and in brain, heart, spleen, liver, kidney, fat, adrenal, thymus, and
gonad weights.

Z. Pucek (1965) distinguished seven stages in the post

natal development of Sorex (from Dapson, 1968a);
I.
II.

Development in the nest
Summer stabilization in young adults

111.

Autumn regression

IV,

Winter depression

V.
VI,
VII.

Spring jump in growth
Summer stabilization phase in old adults
Senile regression

Cyclic fluctuations in body size and weight

(but not tail or hind foot

dimensions), which correspond to the above pattern, have been demonstrated
for

arane u s ,

m i n u t u s , and a number of other Old World species

(Croin-Michielson, 1966; Dehnel, 1949; M. Pucek, 1965; Z. Pucek, 1963,
1965; and Siivonen, 1964).

Data from Clothier (1950), Jameson (1955),
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and m y own research (see FigSr

13 and 16, and related discussion) demonstrate

seasonal trends which seem to correspond with those noted above.
Dapson (1968a) has criticized the conclusions of Z. Pucek and his
colleagues on the grounds that many of these apparent cyclical changes
may actually be artifacts of inappropriate statistical treatment, resulting
from grouping the data by months rather than by age.

However, Saure and

Hyvarinen (1965) demonstrated seasonal fluctuations in the volume of the
nucleus pulposl of the spine in S^= araneus, which result in body length
changes apparently more related to environmental stresses than to age.
Their study suggest that Pucek*s conclusions may indeed be valid.

C.

CRANIAL DIMENSIONS. —

As I noted earlier, cranial dimensions are

the most reliable characters available for assessing individual and geo
graphic variations in shrews;

they are far more precisely quantifiable

than the body measurements discussed above.

In this section craniometric

data from the largest single homogeneous Montana populations of vagrans
and obscurus (i e . , HAMILTON and BEARTOOTH PLATEAU, respectively) are
grouped and analyzed by age class and in one case by season.

Several

authors have noted significant changes in cranial dimensions with age
(e.g., Dapson,

1968a; Pruitt, 1954; Rudd, 1955b), but except for cranial

height seasonal fluctuations seem to be negligible.
1.

Condylobasal length (Fig

19).

Pruitt's (1954) data showed

a tendency toward skull shortening with old age in

cinereus, but for

the most part condylobasal length remains unchanged by age in vagrans
and obscurus.

The mean difference between obscur us classes 1"*" and 2” is

significant at the 1% level (t=3.48, 16 degrees of freedom); such a major
fluctuation without a corresponding shift in vagrans is inexplicable.
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Fig. 19.— Comparison of age variation in condylobasal length:
vagrans, diagonal hatching; obscurus, solid bars.

See inset in

Fig. 20 for explanation of graphical representation.

Fig. 20.— Comparison of age variation in maxillary toothrow.
Symbols as in Fig. 19.
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believe that this is perhaps the one time in a hundred when the hypothesis
of no difference between the means is rejected when it is in fact true
(Dixon and Massey,

1957: 88).

The means of vagrans classes 3“ and 3 are

similarly different ( P < =02; t=2.65, 27 d. f.), but those of 3 and 3'*'
are not.

It seems reasonable therefore that age variation in skull length

is inconsequential in both species.

Differences between HAMILTON vagrans

and BEARTOOTH PLATEAU obscurus, in each age class, are only occasionally
significant.
2n
(1955b)

Maxillary toothrow CFig. 20) was said by Pruitt (1954) and Rudd
to decrease in magnitude with age as a result of a downward shift

in the angle of the rostrum.

Such a trend exists in both vagrans and

obscurus, although differences between adjacent age classes are often not
statistically significant.

Toothrow length appears to decrease rather

sharply between classes 3” and 3, and in vagrans this is significant at
the 1% level (t=4.71, 50 d. f.).

Interspecific differences are highly

significant in all age classes3.

Palatal length (Fig. 21) appears uneffected by age.

The diff

erences between vagrans and obscurus are again highly significant.
4

Cranial breadth (Pig. 22) may increase in the oldest age classes,

as Dehnel (1949), Merriam (1895), and Pucek (1963) believed true of
Sorex in general.

P r u i t t ’s (1954) data indicates that the width of the

skull may decrease with old age in

cinereus.

Interspecific differences

between age class means of vagrans and obscurus are not usually significant.
5.

Least interorbital breadth (Fig. 23) is significantly greater in

obscurus than in v agrans, and there may be a trend towards increasing
breadth in old age.

The difference between the single value at vagrans
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Fig. 21.— Comparison of age variation in palatal length.
Symbols as in Fig. 19.

Fig. 22.— Comparison of age variation in cranial breadth.
Symbols as in Fig. 19.
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Fig. 23.— Comparison of age variation in least interorbital
breadth.

Symbols as in Fig. 19.

Fig. 24.— Comparison of age variation in maxillary breadth.
Symbols as in Fig. 19.

Fig. 25.— Comparison of age variation in cranial height.
Symbols as in Fig. 19,
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4*^ and the mean of class 4“ Is significant at the 2% level (t-2.81,
15 d. f.).
6=

Maxillary breadth ÇFig

24).

Interspecific differences are

significant, but respective age differences are not, although In both
taxa there may be slight trends toward greater breadth with Increasing age.
7.

Cranial height (Fig. 25) differences between vagrans and

obscurus In Montana seem Insignificant, although data from Intermediate
obscurus age classes are lacking because of the lack of winter and spring
specimens.

The most conspicuous feature of Figure 25 Is the highly

significant decline In mean values for vagrans from I**" to 3“ .
In view of the current controversy over cyclic fluctuations in
shrew body dimensions (see above) I combined the data for all Montana
populations of vagrans and of obscurus and grouped them by bimonthly
periods as well as by age classes (Figs. 26, 27).

Conspicuous flattening

of the bralncase In Sorex, supposedly related to old age, was noted by a
number of earlier American mammaloglsts Ce.g., Jackson, 1928, Merriam,
1895; Pruitt, 1954; Rudd, 1955b).

This was thought due to a general

pattern of senile regression In skull size among great numbers of vertebrate
forms (DeBeer, 1937).

Dehnel (1949) seems to have been the first to

suggest that changes In the bralncase of Sorex might in part be related
to seasonal fluctuations In environmental conditions.
Z. Pucek (1955, 1957) demonstrated histologically that during periods
when the skull of S^. araneus becomes flatter (autumn and winter)

Intensive

resorption of bone material forming the vault of the cranium takes place.
The capacity of the bralncase decreases In direct relation to seasonal
reductions In brain weight.

During the spring of the year after birth.
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Fig. 26.— Cranial height variation, by month— lumped Montana
data.

Symbols as in Fig. 19.

Fig. 27.— Cranial height variation, by age class— lumped
Montana data.

Symbols as in Fig» 19.
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the growth of new bone material increases the height of the skull again.
In about 350 specimens of araneus from the USSR, Z. Pucek (1963) demon
strated a 16.7% decrease in cranial height from June to February in
immatures and subadults, followed by a 13.7% increase (in relation to
the winter minimum) by June of the second year, as the shrews reached
adulthood.

A second decline was evident in late summer and fall, but

all the old adults disappeared before the trend reached any major propor
tions.

Z. Pucek (o p . c i t .) also showed similar cycles in

araneus

from other parts of Europe, and in another paper (1965) related cranial
height fluctuations to more general changes in body dimensions and organ
weights (noted in the previous subsection).
My own data for cranial height in vagrans and obscurus bear con
siderable similarity to those of Z. Pucek (1963).

Plotted by month

(Fig. 26), vagrans shows a highly significant decline from July-August
to January-February of 11.70%, followed by a 6.64% increase
t=6.59, 23 d. f .) to July-August of the second year
winter low).

'?

,001;

(compared with the

There is a 5.85% difference between the two peaks.

Although

midwinter obscurus data are lacking, a significant 7.44% decline is evident
from July-August to March-April, followed by an apparent, but not statis
tically significant,

increase of 5.72% to July-August of the second year.

The difference between the two peaks is 3.72%.

There may be a slight

autumn regression in old adults of both vagrans and obscurus, although
the samples are quite small.

For the most part these data agree with

P u c e k ’s, but the magnitude of the fluctuations is greater in _S. araneus.
The significant increase from May-June to July-August in first year
vagrans

(P<.01;

t=2.92, 63 d . f.) has no counterpart among the data for
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araneus, and may represent a significant period of growth preceding
late summer stabilization and fall regression in these Nearctic shrews.
If cranial height data for vagrans and obscurus are grouped by
age class, fluctuations become much less conspicuous (Fig. 27).
1” to 3“ vagrans declines 8.79%;
of 2.61% ( P < . 0 2 ;

From

this is followed by an increase to 4“

t=2.67, 54 d.f.).

A similar 7.00% drop in obscurus

is probably significant, but the subsequent 1.98% increase is not.
Percent differences between mean values at I"*" and 4~ for vagrans and
obscurus are 6.41 and 5.16%, respectively.
As I noted earlier, Z. Pucek*s interpretations have been challenged
by Dapson (1968a).

When plotted by months, Dapson*s cranial height

data for Blarina brevicauda, a common North American soricine shrew,
showed a cyclic fluctuation pattern very much like those of Z. Pucek
(1963) and myself (Fig. 26).

However, when he separated individuals

born early from those born late in the season ("summer cohort" vs.
"winter cohort") and grouped them by estimated age he found that even
though the initial post-juvenile decline was still highly significant,
the secondary increases supposedly caused by resumption of favorable
environmental conditions in the spring and summer of the second year
were not significant at all.

Dapson concluded that the normal pattern

of change in bralncase height and volume in Blarina is one of fairly
rapid decline over the first six to eight months of life, followed by
stabilization at a low level with no subsequent increases.

Extending

his conclusions to the work on Sorex by Z . Pucek and his colleagues.
Dapson suggested that apparent seasonal cycles in the height of the
bralncase may be the product of failure to group data according to age.
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Hence, cyclic cranial height fluctuations may only be artifacts of
inappropriate statistical treatment.
I have a number of reservations about Dapson's conclusions.

It

is apparent above that grouping cranial height measurements by age
class does reduce the magnitude of observed fluctuations (Fig. 27).
However,

in view of the large body of evidence suggesting significant

seasonal effects on body dimensions and organ weights, as discussed
earlier,

it seems likely that statistical treatment by age class, as

Dapson suggested, may dampen the otherwise conspicuous effects of
profound seasonal changes in Sorex.

Dapson noted that growth patterns

in Blarina are not the same as in Sorex, and that he was unable to
observe many of the growth phenomena reported by Z. Pucek (e.g.,
resorption and subsequent regrowth of the cranial b o n e s ) .

Although

Dapson's conclusions may not apply directly to the genus Sorex, they
suggest that the causes of cranial height fluctuations in shrews are
by no means completely understood.

Certainly the problem bears further

examination in light of his criticism.
It seems probable that changes in the braincase of Sorex and the
result of interactions between innate age-dependent tendencies and
seasonal limitations imposed by the environment.

The main controversy

seems to be over which of the two sets of factors is more significant.
2. Pucek C 1963) has suggested that cyclic fluctuations in cranial
height are so attuned to climatic extremes that populations in northern
and southern parts of the range of a single species may show consider
able differences in the magnitude of the observed decreases and increases.
For example,

araneus in the USSR shows a 16.7% decline from summer

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.

61
to winter,

followed by an increase of 13.7%.

The same values for

Czechoslovakian and Bulgarian araneus are -9.0% and +10.5%, respectively.
R. J. Brown (pars. comm.), working with a hybrid

vagrans x slnuosus

population in the San Francisco Bay area, which has a mild Mediterranean
climate, observed only a 4.2% decline in cranial height from July of
the first year to February (mean 4.8, 4.6-5.0, down to 4.6, 4.4-5.0;
P<.07),

and no significant secondary increase.

As noted above,

Montana vagrans declined 11.70% from midsummer to midwinter (mean 5.47,
5.1-5.8, down to 4.83, 4.5-5.1; highly significant), and subsequently
increased 5.64% over the second season.

These intraspecific differences

suggest strongly that variation in climatic extremes may influence
cranial height fluctuations considerably, and they argue for Z. Pucek's
position rather than Dapson's.
In summer, except for cranial height, skull dimensions in S^, v.
vagrans and

£. obscurus from Montana appear to vary little with age.

No important changes were noted for condylobasal length, palatal length,
cranial breadth, and maxillary breadth.

Significant changes appear among

the latter age classes for maxillary toothrow (at class 3) and least
interorbital breadth (at class 4).

Conspicuous interspecific differences

are evident in all dimensions except condylobasal length, cranial
breadth, and cranial height.

Limitations in the application of these

craniometric data to analyses of geographic variation are discussed below.

VI.
A.

GEOGRAPHIC VARIATION

DESCRIPTIONS OF THE SAMPLE POPULATIONS.— (See Fig. 3 & Appendix A)
The TWEEDSMUIR PARK sample consists of four obscurus collected

from two adjacent localities in Tweedsmuir Provincial Park, British
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Columbia.

This area is about 300 miles northwest of the nearest vagrans

populations,

in the Vancouver region.

NE WASHINGTON contains two vagrans and two obscurus from scattered
montane localities in P e n d 'Oreille Co., Washington.

BE WASHINGTON is

a heterogeneous aggregation of vagrans from numerous riparian, lowland
prairie, and Transition Zone coniferous forest localities in eastern
Washington and northwestern Idaho.

Apparently, obscurus is rare or

absent from this region (Findley, 1955b).
The sample from GLACIER PARK contains 14 vagrans from 3300-3800
ft. in the North Fork Area on the west side of the Continental Divide.
Two obscurus were collected along the North Fork of the Flathead River.
Nine others are from alpine Logan Pass (7000 ft.— see Hoffmann and
Taber, 1960) or from riparian situations on the east side of the Divide.
The FLATHEAD VALLEY sample consists mainly of vagrans from
several localities along the east side of Flathead Lake (2950-3200 ft.).
Four obscurus (probably sympatric with vagrans) were collected on Yellow
Bay Creek, and two others were taken from higher elevations in the
nearby Swan and Whitefish Ranges.

The small MISSION VALLEY population,

separated from FLATHEAD VALLEY because of ecological differences, is
made up of several vagrans and, peculiarly, one obscurus, primarily
from grass- and marshland localities in the Mission Valley (ca. 3000 ft.).
MISSOULA LOWLANDS, HAMILTON, and UPPER BITTERROOT samples consist
for the most part of vagrans from grassland, riparian, and Transition
Zone forest localities in the Frenchtown, Missoula, and Bitterroot
Valleys (ca. 3200-4000 ft.).

No specimens of obscurus have been taken

from any of these lowland areas; one obscurus was taken from the Bitterroot
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Range west of Hamilton and is included here with the HAMILTON vagrans
population for comparison, but I have insufficient evidence to demonstrate
sympatry in the Hamilton area.

Because of its large size, the HAMILTON

vagrans sample is used here as a point of reference with which to
compare other vagrans populations from Montana and Washington: in this
sense I occasionally refer to it as the "typical" form of

v . vagrans

in western Montana.
I separated the MISSOULA HIGHLANDS population (ca. 3300-4000 ft.)
from the nearby lowland populations because of habitat differences
(predominately mixed Transition Zone and boreal coniferous forest
situations), and because of the presence of small numbers of apparently
sympatric obscurus (two collected).

The two SAPPHIRE RANGE localities

(at 4500 ft, and 5050 ft.) were situated along streams in mixed coniferous
forest (including western larch, Douglas fir, ponderosa pine, spruce,
aspen, an occasional cottonwood, etc.)

Four sympatric species of Sorex

were collected:

vagrans, cinereus, obscurus, and palustris (in order

of frequency) .

S_. obscurus is probably more common than is indicated

by the sample size (4, as opposed to 45 vagrans) .

It may, however,

occupy a slightly different microhabitat than vagrans— drier situations
somewhat removed from the streamside.

Specimens of obscurus seemed to

appear later in the trapping period, after the numbers of vagrans had
been reduced.

I collected several more obscurus from these localities

during the winter of 1967-68, but they are not included in the sample.
Two obscurus from widely separated localities at low elevations
in western Montana, Bearmouth and Lubrecht Experimental Forest (34003500 ft.), comprise the MISSOULA EAST sample.

There are no records of
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vagrans this far east in Montana, and there may be no sympatry here.
Two obscurus from near TOWNSEND, east of the Continental Divide
and far removed from the nearest known vagrans populations, are much
smaller than other obscurus (Fig. 8).
The BOZEMAN sample is made up of ten obscurus from localities
in the Bridger, Gallatin, and Crazy Mountains.

A number of series of

obscurus were collected over several summers on the alpine BEARTOOTH
PLATEAU of northwestern Wyoming (10,000-11,000 ft.), near the Montana
border (Hoffmann, MS) .
vagrans population,

In the same manner as I treated the HAMILTON

this latter group of obscurus is here considered

most "typical," for purposes of comparison, of all the populations of
o^. obscurus sampled.

B.

ANALYSIS OF CRANIOMETRIC DATA
Systematists attempting to make morphological comparisons between

shrew taxa have dealt with the effects of age variation in a number of
ways.

Thus, Findley (1955b) used only first year (immature or subadult)

individuals, while Rudd (1955a) excluded all but age classes 2” to 3+
(4-12 months) from his analyses.
for my data.

Neither of these procedures ^as suitable

Because sample sizes were often quite small I had to use

as many specimens as possible.

Therefore, only the youngest shrews

(classes 1“ and 1) wer e excluded from the following statistical treat
ments.
1.

Condylobasal length (Fig. 28) appears to be a highly variable

character and, as in body dimensions,
great among Montana populations.

interspecific differences are not

While HAMILTON vagrans and BEARTOOTH

PLATEAU obscurus show conspicuous mean differences, those of the two
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Fig. 28.— Geographic variation in condylobagal length.
for explanation of graphical representation.

See inset

Sorex vagrans— hatched

symbols or "V" to left of mean; S. obscurus— solid symbols or "0" to
left of mean.
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species at GLACIER PARK are not significant ( P ^ .10; t=2.09, 13 d. £.)•
Means and individual values of the smaller obscurus samples vary so
greatly that it is often difficult to assess their significance.
Single specimens of obscurus from the MISSION VALLEY, MISSOULA HIGHLANDS,
TOWNSEND, and MISSOULA EAST, have skulls which are much shorter than
means of more "typical" populations from TWEEDSMUIR PARK, GLACIER
PARK, or the BEARTOOTH PLATEAU.
Sorex vagrans from SE WASHINGTON, undoubtedly more typical of the
race

v^. vagrans as it was described, have significantly shorter

skulls than do any Montana populations of the same species.
consistent with Merriam*s (1895) account of "S^. v. dobsoni."

This is
Among

Montana populations, mean condylobasal lengths in vagrans seem fairly
consistent; however,

the apparent difference between the SAPPHIRE RANGE

and HAMILTON samples is highly significant ( P ^ .01; t*3.30, 168 d. f.).
2,

Maxillary toothrow (Fig. 29}.

Interspecific differences in

toothrow length are generally significant.

Means and single values for

the five small obscurus samples noted above, except for TOWNSEND, show
much less tendency to overlap with vagrans than do condylobasal length
measurements.

Here again vagrans from lowland SE WASHINGTON are signi

ficantly smaller than any of the Montana populations, except for the
small, highly variable, UPPER BITTERROOT sample.

In western Montana

the only vagrans significantly different (smaller) from the HAMILTON
population are again those from the nearby SAPPHIRE RANGE ( P < .02;
t-2.41, 245 d. f.).
3.

Palatal length (Fig. 30),

Highly significant interspecific

differences occur among all populations examined, although ranges overlap
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Fig. 29.— Geographic variation in maxillary toothrow.
in Fig. 28.

Symbols as

Numbers in parentheses after sample size indicate the

percentage of adult shrews (age classes 3-4'*‘) in the sample, if any.
These classes showed significantly shorter toothrows than 1-3" (see
Fig. 20), but cannot be excluded because of their frequency in most
populations examined.
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Fig. 30.— Geographic variation in palatal length.

Symbols as

in Fig. 28.
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considerably in the SAPPHIRE RANGE.

Sorex obscurus from NE WASHINGTON,

MISSION VALLEY, MISSOULA HIGHLANDS, SAPPHIRE RANGE, MISSOULA EAST,
TOWNSEND, and BOZEMAN, may have somewhat shorter palates than those
from the BEARTOOTH PLATEAU, but only the BOZEMAN specimens are signi
ficantly different ( P < . 0 2 ;

t«*2.58, 73 d. f.).

SE WASHINGTON vagrans have significantly shorter palates than do
most of those from Montana, but only slightly so.

Mean differences

between shrews from the MISSOULA LOWLANDS, MISSOULA HIGHLANDS, and
SAPPHIRE RANGE, and those of the HAMILTON sample, are highly significant
(MISSOULA LOWLANDS; P <.01;

t=3.03, 237 d. f .; SAPPHIRE RANGE: P < .001;

t-3.33, 245 d. f.).
4.

Palatal Index (Fig. 31) is a useful indicator of relative

differences in cranial proportions; differences between vagrans and
obscurus were discussed earlier in conjunction with species identifi
cation (see Fig. 8).

Although palatal and condylobasal lengths may

fluctuate considerably from one population to the next (Figs. 28, 30),
palatal indices for the two shrews are remarkably stable.

obscurus

from NE WASHINGTON, MISSOULA HIGHLANDS, and perhaps the SAPPHIRE RANGE,
may have proportionally smaller rostra than the BEARTOOTH PLATEAU forms,
but all three populations appear significantly larger in this respect
than do the vagrans shrews with which they occur.

Note that the two

small obscurus from TOWNSEND have an average palatal index actually
greater than the mean BEARTOOTH PLATEAU value.
SE WASHINGTON vagrans are indistinguishable, on the basis of
rostral proportions, from Montana vagrans populations, whose condylo
basal and palatal lengths are comparatively much larger.

Only the
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Fig. 31.— Geographic variation In palatal index values.
as in Fig. 28.
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MISSOULA HIGHLANDS shrews differ significantly from SAPPHIRE RANGE
(P<^.02;
5.

t=2.4l, 52 d. f.) and HAMILTON populations.
Cranial breadth (Fig. 32) differences between vagrans and

obscurus are very slight; obscurus is significantly larger only when
very large samples are compared (e.g., HAMILTON and BEARTOOTH PLATEAU).
Variation in skull width among obscurus populations is slight and
apparently related to body size.

Shrews from TOWNSEND appear somewhat

smaller in this regard than BEARTOOTH forms, and this is consistent
with similar differences in condylobasal length.
SE WASHINGTON vagrans are generally smaller than those from
Montana, none of which differ significantly from HAMILTON shrews.
Differences between MISSOUIA HIGHLANDS and SAPPHIRE RANGE vagrans are
significant at the 5% level (t=2.37, 47 d . f.).
6.

Least interorbital breadth (Fig. 33).

Interspecific differences

are pronounced; obscurus averages as much as 0.2-0,3 m m wider across
the orbits than vag r a n s .

Few intraspecific differences are evident.

Except for SAPPHIRE RANGE material ( P ^ .001; t=3,25, 241 d. f.), no
vagrans sample means

differ significantly from that of the HAMILTON

population.
7.

Maxillary breadth '.Fig. 34).

broken in handling.
samples.

Maxillary processes are easily

This dimension is thus poorly represented in some

Generally, obscurus is significantly larger in maxillary

breadth, although specimens from the FLATHEAD VALLEY, MISSION VALLEY,
MISSOULA HIGHLANDS, and SAPPHIRE RANGE do not demonstrate this, and may
well indicate real differences between some western Montana populations
and the more typical forms, especially from the BEARTOOTH PLATEAU.
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Fig. 32.— Geographic variation in cranial breadth.
as in Fig. 28.
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Fig. 34.— Geographic variation in maxillary breadth.
as in Fig. 28.
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Fig. 33.— Geographic variation in least interorbital breadth.
Symbols as in Fig. 28.

Asterisks following sample size indicate the

number of class 4 or 4"^ individuals in the sample (i.e., ** = 2, etc.).
Old adults show trends toward increased interorbital breadth (Fig. 23),
although these trends were not statistically significant.
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None of the apparent variations in vagrans mean values is significant.

C.

GENERAL TRENDS IN GEOGRAPHIC VARIATION ■— Populations of Sorex p_.

obscurus appear to vary a great deal craniometrically over the broad
range of their distribution;

this is certainly true in Montana.

There

is no evidence to suggest that shrews from TWEEDSMÜIR PARK, NE WASHINGTON,
GLACIER PARK, FLATHEAD VALLEY, HAMILTON, and MISSOULA EAST, are not
essentially the same as those from the BEARTOOTH PLATEAU in all dimen
sions examined.

However, several small samples, especially from

western Montana, may represent populations of obscurus somewhat smaller
in many aspects than "typical" forms.

Shrews from the MISSION VALLEY,

MISSOULA HIGHLANDS, and SAPPHIRE RANGE, exhibit skulls significantly
shorter than the averages for GLACIER PARK or BEARTOOTH PLATEAU forms,
although other dimensions, especially palatal index, are not appreciably
smaller.
which

These three samples were taken from localities at or near
V.

vagrans has also been collected, at low elevations west

of the Continental Divide.

Their shorter skulls may well indicate

that many populations of obscurus sympatric with vagrans are smaller
than more typical boreal and alpine representatives.

Specimens from

TOWNSEND and BOZEMAN are also smaller in some ways than BEARTOOTH obscurus.
The former have significantly shorter skulls and maxillary toothrows,
and the latter, shorter palates.

Both populations (especially the

former) show reduced values in all cranial dimensions, except palatal
index, which may reflect intergradation with S. o. longiquus (see Figs.
35, 36).
Sorex %. vagrans from the lowlands of SE WASHINGTON are significantly
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smaller than HAMILTON shrews of the same species (and indeed most
Montana vagrans)

in condylobasal length, maxillary toothrow, palatal

length, and cranial breadth;

they are not conspicuously different in

palatal index, least interorbital breadth, or maxillary breadth.

This

is apparently a reflection of overall size differences discussed in
several earlier contextsc

No convincing evidence exists that vagrans

shrews from NE WASHINGTON, GLACIER PARK, FLATHEAD VALLEY, MISSION VALLEY,
and UPPER BITTERROOT, are fundamentally different from those at HAMILTON.
MISSOULA LOWLAND vag r a n s , which one would expect to be quite similar
to the Bitterroot Valley forms, have significantly shorter palates and
may be smaller in other dimensions, except perhaps least interorbital
and maxillary breadths.

MISSOULA HIGHLANDS shrews show average palatal

length and index values which are less than those from HAMILTON;
strangely,

they also have significantly shorter rostra and broader crania

than SAPPHIRE RANGE specimens, which in turn differ from HAMILTON vagrans
in their shorter condylobasal, maxillary toothrow, and palatal lengths,
and their narrower interorbital w i d t h s .

Both the MISSOULA HIGHLANDS

and SAPPHIRE RANGE populations show consistant, although not always
significant,

evidence of being smaller than-HAMILTON vagrans in all but

least interorbital breadth and palatal index, respectively.
Despite fluctuations among various dimensions in both species when
compared with the two reference populations,

sympatric populations of

vagrans and obscurus in Montana retain their cranio-morphological dis
tinctiveness.

Condylobasal length and cranial breadth

are never (except for HAMILTON)

significant.

differences

In all sympatric populations,

interspecific palatal index differences are consistently significant
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and fully correlated with qualitative first incisor tooth differences.
Similar differences in maxillary toothrow, palatal length, least inter
orbital breadth, and to some extent, maxillary breadth, are significant
in almost all situations»

There is no morphological evidence of intro-

gression between sympatric populations of

Vo vagrans and

o^. obscurus

in western Montana.

VII=
Ac

DISCUSSION

RELATIONSHIPS OF S. v. vagrans AND S. o. obscurus IN WESTERN M ONTANA.
As discussed earlier, Findley (,1955b) believed that the ancestors

of the vagrans subspecies group migrated from the Great Basin into montane
and intermountain regions of Washington, British Columbia, northern and
central Idaho, and northern Utah, at the end of the Pleistocene.

As

it moved north- and eastward, this wave of immigration encountered popu
lations of ancestral obscurus in the coniferous forests of the Rocky
Mountains»

In many areas abrupt transitions between lowland and montane

habitats minimized contact between the two shrews, and contemporary
vagrans and obscurus from these regions appeared to Findley to have
retained their morphological integrity (e. g», in southern British
Columbia, northeastern Washington, and central Idaho).

However, in some

areas gradual ecological transitions along drainage systems and altitudinal gradients permitted the two shrews to come into frequent contact,
which seemed to have resulted in introgressive hybridization and
populations of morphological intermediates, often over broad regions
(e.g., in northern Idaho, western Montana, and northern Utah).

Clothier's

(1950) conclusions, in particular, suggested to Findley that reproductive
isolation had broken down between vagrans and obscurus along much of
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the Columbia River drainage in western Montana, and that secondary
intergradation had obliterated most of the morphological distinctions
between the two shrews in that area; this appears to have been his
primary justification for considering them conspecific.
Numerous studies of introgressive hybridization, in birds (ecg.,
Sibley, 1950, 1954, 1958; Sibley and Short, 1959, 1964; Sibley and
Sibley, 1964; Sibley and West, 1958, 1959; Yang and Selander, 1968),
amphibians (Henrich, 1968), and even in shrews (Rudd, 1955a), have
been reported in the literature; Mayr

(1963), Short (1969), and Sibley

(1957, 1959, 1961) present excellent discussions of the subject in
general.

The most conspicuous feature of secondary intergradation, as

described in the above papers, is the wide range of intermediacy in all
morphological characters, presumed to be genetically determined, among
the various intergrade populations*

Thus, vagrans x obscurus hybrids

would be expected to exhibit varying combinations or degrees of the
respective incisor cine configurations (see Pig, 4) and to be highly
variable in pelage color and cranial dimensions and proportions, since
the occurence of these characters would depend only on the random
recombination of alleles among fertile hybrid zygotes,

Rudd (1955a)

documented a specific example of this among salt marsh populations of
Sorex vagrans and

ornatus-sinuosus on the northern end of San Francisco

Bay,
My own data, however, give no evidence that introgression is
responsible for the peculiar morphological variation of Montana shrews.
It is true that

vagrans from this area are intermediate in size

between typical Washington vagrans and

obscurus in such cranial
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dimensions as condylobasal length?-maxillary toothrow, palatal length,
and cranial breadth.

However,

they do not differ from typical vagrans

in tooth structure and pigmentation, palatal index, least interorbital
breadth, or maxillary breadth.

If gene flow had taken place, or were

taking place, between the two shrews in western Montana, one would
expect no correlation between such diverse characters as incisor
structure and rostral proportions, but such is not the case (Figs. 8 ,
31).

Sorex v. vagrans is larger in Montana than in Washington, but

the evidence presented here does not indicate secondary intergradation
with

2" obscurus.

Even Findley (1955b: 54) stated that in general

the "intergrade" populations of the northern intermountain region
(including western Montana) differed from typical vagrans only in their
larger size.

They were not intermediate in color, but retained the reddish

summer pelage of S_, v. vagrans rather than taking on the more grayish
case of obscurus.

B.

FACTORS AFFECTING SIZE V A R I A T I O N .IN -WESTERN MONTANA SHREWS.
Several alternative explanations may account for the similarities

between intermountain and montane vagrans and obscurus.

A general

ecogeographic principle, Bergmann's Rule, states that more northerly
representatives of geographically variable bird and mammal species tend
to be larger than their southern relatives (Mayr, 1963: 319-320),

The

phenomenon seems to be a result of selective pressure on cold climate
homeotherms to reduce surface area-body volume ratios.
minimizes heat losses to the environment.

This in turn

Mayr (i bid.) suggested that

Bergmann's Rule may hold true for altitudinal as well as latitudinal
gradients.

As Sorex vagrans migrated from the comparatively mild climatic
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conditions of the Great Basin and Columbia River lowlands into the higher
forested regions of the northern and central Rockies, smaller individuals
in the population might have less effectively withstood more severe
montane winter conditions and were eliminated from the population (along
with their genotypes) by natural selection.

Johnston and Selander (1964)

have demonstrated that house sparrows (Passer domesticus)

in boreal

and montane regions of North America are significantly larger than those
from southern or plains populations.

Their evidence suggests that this

kind of adaptive response to climatic conditions may occur quite rapidly
in many warm-blooded vertebrates— e.g., less than 1 0 0 years in the intro
duced house sparrow.
Bergmann's Rule may not satisfactorily explain geographic variation
in

vagrans and

obscurus.

Indeed, Mezhzherin (1964) has suggested

that northern representatives of shrew species may actually be smaller
than their southern relatives, as an adaptation to a smaller absolute
food supply in cold climates.
may be true.

Under some environmental regimes this

For example, subspecies of _S. obscurus from along the

Pacific Coast, where the climate is milder and wetter and where food may
be more abundant, are generally larger than the typical inland montane
form,

jO" obscurus.

Yet alpine obscurus from the Beartooth Plateau

appear no smaller than nearby lowland populations in central Montana;
if anything, the opposite is true (note shrews from BOZEMAN and TOWNSEND).
On the other hand, reduced size in several western Montana populations
of obscurus may be a local adaptive response to suboptimal environmental
conditions imposed by sympatry with vagrans (in accord with
(op. cit.) hypothesis).

Mezhzherin's

This will be discussed further below.
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Size variation among Montana populations of vagrans and obscurus
m ay also be related to factors other than physical environment.

Material

collected from the North Fork of the Flathead River, Yellow Bay Creek
(Flathead Lake), the Mission Valley, Pattee Creek (near Missoula),
Three Mile Creek and the Burnt Fork iboth in the Sapphire Range), indicate
that the two species are sympatric or parapatric

(often along with

cinereus) in a great number of local situations in western Montana
(Fig. 35).

Sorex vagrans from the SAPPHIRE RANGE are significantly smaller

than those from the Bitterroot Valley

HAMILTON).

This is the reverse

of what one would expect if introgression were taking place with sym
patric obscurus.

Where they are found together, vagrans and obscurus

may occupy slightly different micro-habitats, which may, however, overlap
to a significant degree.

Reduced size in vagrans might well represent

an adaptive response to minimize competition with the larger obscurus
(i.e., character displacement; see Mayr, 1963: 82-86).

C.

ECOLOGICAL RELATIONSHIPS OF S. ciner e u s ,
Findley

(1955b: 45) believed Sorex cinereus to be almost universally

sympatric with his race
vagrans.

vagrans AND S^. obscurus.

v. obscurus," but absent or rare with

v.

He theorized that competition with sympatric vagrans led to

the displacement of cinereus, which however is able to coexist with the
relatively larger obscurus (see Mayr, 1963: 66-82, "competitive exclu
sion principle").
Montana.

F indley’s generalization does not hold true in western

I have evidence that cinereus is sympatric with vagrans in

several localities in Glacier Park, on the east side of Flathead Lake,
and in the Sapphire Range, and that all three species occur together in
the latter two areas.

Observations from collecting, especially in the
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Sapphire Range, provide the basis for a number of speculations about
the ecological relationships of these three sympatric shrews.
In the Netherlands, Croin-Michielsen (1966) found that Sorex
minutus occurred in lesser numbers and occupied more extensive home
ranges than did its larger sympatric congener,

araneus.

During the

summer, when food was abundant, no niche segregation was apparent.
However,

in the winter araneus spent a significant amount of time

feeding under the surface of the soil, while minutus foraged in the
superficial leaf litter.

Presumably, its smaller size allows minutus

to survive in a somewhat less than optimum habitat with regard to food
supply (see Mezhzherin,

1964).

Crowcroft (1957) noted relative

differences between the two species in daily activity period; inter
specific behavior seemed limited to avoidance tactics on the part of
m i n u t u s , which appeared to be largely ignored by the dominant araneus.
Studies of the ecological relationships between these two European
shrews may have some bearing on the sympatric ecology of vagrans, obscurus,
and cinereus.

Studies by Brown (1967), Buckner (1966), Clothier (1955),

Dalquest (1941), Findley (1955b), and Spencer and Pettus (1966) indi
cate that vagrans and cinereus may have similar water requirements and
habitat preferences; both are much more commonly collected at streamsides
or in marshy situations than in dry grasslands or open forests.

Brown

(op. citr) and Spencer and Pettus (op. cit.) reported cinereus to be
more common than obscurus

vagrans”) in hydrosere communities of

the Wyoming and Colorado Rockies; however, my own observations, and
those of Clothier (1955), suggest that vagrans may be much more common
than cinereus where these two species are sympatric.

S. vagrans
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probably replaces S^o cinereus as the dominant streamside or marshland
form (apart from the semi-aquatic
western Montana.

palustris) at lower elevations in

cinereus is able to survive symmetrically in some

local situations because its small size and reduced numbers may

allow

it to exploit

of

a somewhat less than optimal niche alongside that

the larger, more numerous vag r a n s , much as does

minutus with

araneus

in the Netherlands.
In these situations obscurus may bear a different relationship to
vagrans.

As I noted earlier, my impression from collecting along streams

in the Sapphire Range was that obscurus did not appear in the traps until
the local vagrans populations had been somewhat reduced, indicating
that the former species was initially quite uncommon near the water.
Brown (1967),

Findley (1955b: 45), and Spencer and Pettus (1966)

that obscurus

may be somewhat more tolerant of drier situations

either vagrans or cinereus.

imply
than

All of this suggests that while vagrans

and cinereus may co-exist syntopically in hydrosere habitats, obscurus
may be more or less separated from vagrans allotopically even where the
two species are geographically sympatric.

obscurus may occupy con

siderably drier situations on hillsides or in dry forest than are optimum
for v a g r a n s .

Whether or not this indicates a "preference" on the part

of obscurus is uncertain.

Dalquest

(1941) suggested that

vagrans and

S_o trowbridgei in Washington compete actively for favorable moist habi
tats, but because v a g r a n s , although smaller,

is dominant over trowbridgei

in interspecific encounters, the latter is restricted to suboptimum dry
forest habitat whenever vagrans is present in large concentrations in
local marshy situations.

Koplin and Hoffmann (1968) and Muri (1963)
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reported a parallel relationship between the voles-Microtus pennsylvanicus
and M. montanus, geographically sympatric in western Montana;

the former

is dominant over the latter and succeeds in completely excluding montanus
from moist marshy situations which both species inhabit where they are
allopatriCc
East of the Continental Divide, in the absence of vagrans, Sorex
obscurus occupies a wide variety of habitats, from lowland riparian
situations to moist alpine tundra.

West of the Divide, Sorex vagrans,

although smaller than obscurus, may displace its congener from immediate
proximity to open water at low elevations, into suboptimal habitats in
which obscurus is able to survive only at much lower population densities.
This might account for the comparative rarity of the latter species
below 5000 ft. in western Montana (see Fig. 35).
Clearly there is a great need for further study along these lines,
and the observations I have just made should be interpreted only as
working hypotheses.

Now that morphological distinctions between vagrans

and obscurus are more thoroughly understood, other workers may be en
couraged to pursue comparative ecological, physiological, ethological,
cytological,

immunological, and parasitological research.

VIII.

CONCLUSIONS

In Montana and adjacent regions the distribution patterns of Sorex
vagrans and

o^. obscurus seem to be generally as Findley (1955b)

described them (Figs. 35, 36).

If obscurus ever ranged extensively over

the entire western two-thirds of the state it was apparently displaced
from the lowlands west of the Continental Divide as vagrans entered
Montana along the Columbia River System.

In western Montana obscurus
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Fig. 35.— Probable distribution of Sorex vagrans vagrans in
Montana, based on existing records and observed patterns of ecological
distribution.

Heavy solid line represents the eastern limit of

distribution according to Findley (1955b); heavy broken line marks
the Continental Divide.
mountain ranges.

Stippled areas on the map indicate major

Solid symbols represent selected records confirmed

on the basis of my own discoveries.

Semi-open symbols represent

selected literature records (Findley, o£. cit.; Jackson, 1928).
There is a significant range extension into east-central Idaho
(Selway Falls area, Idaho Co.).
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Fig. 36.— Probable distribution of Sorex obscurus obscurus
(circles) and SL £• longiquus (triangles) in Montana, based on
existing records and, to a certain extent, observed patterns of
ecological distribution.
limits of

Heavy solid lines represent distribution

vagrans obscurus" and S. v. longiquus" in Findley,

1955b; heavy broken line marks the Continental Divide.
denote selected confirmed records.

Solid symbols

Semi-open symbols represent

literature (Findley, 1955b; Jackson, 1928) and other unconfirmed
records.
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are usually taken from mountainous areas, above 4000 ft., although
lowland populations of obscurus exist in certain areas (e.g., in the
Mission Valley and along Flathead L a k e ) .

Sorex vagrans now occurs up

to above 5000 ft. along the axes of some streams and rivers in western
Montana and adjacent central Idaho (specimens collected from near Selway
Falls,

Idaho Co., Idaho, significantly extend the range of

as defined by Findley, op. cit.: 57.).

v. vagrans

Sympatric or parapatric popula

tions of vagrans and obscurus were found in the Mission and Sapphire
Ranges and probably occur extensively in much of western Montana.

Too

little collecting has been done in the northwest corner of the state
and in the Upper Blackfoot and Clark Fork drainages to draw any definite
conclusions about the distribution of the two shrews in these areas.
However,

there is no evidence that vagrans has crossed the Continental

Divide.
Although western Montana vagrans are significantly larger than
their lowland Washington relatives, and obscurus from some local popu
lations may be slightly smaller than more typical varieties, there is
no evidence that introgressive hybridization is taking place (or has
taken place) between them.

Although the two forms may appear super

ficially to intergrade in size, careful examination of diagnostic
cranial and dental characters does not support the hypothesis of gene
exchange.

It seems much more likely that size variation is related to

complex selective pressures imposed by newly encountered or changing
environmental conditions.

Such pressures may involve selection to

minimize heat losses in colder climates (Bergmann’s Rule), to minimize
food limitations in suboptimal habitats (see Mezhzherin, 1964), or to
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minimize competition with other sympatric shrew species (character
displacement).
Specimens from other parts of the Rocky Mountains

(particularly

northern U t a h ) , which have been interpreted as secondary intergrades
between vagrans and obscurus, should be re-examined in light of the
morphological distinctions and the adaptive phenomena described above.
In view of the results discussed here, and the questions.raised by
others concerned with the Sorex vagrans-S . obscurus problem (see Section
II), there seems to be no compelling reason to consider the two forms
conspecific.

Only further research can determine whether or not repro^

ductive barriers between vagrans and obscurus have broken down in some
limited, local situations, but there is no evidence to suggest that
this has been a significant factor in the evolution of the present montane
forms of both species.

A dynamic biological species concept presupposes

that the artificial categories into which natural populations are
grouped

(i.e., species and subspecies) are only models which describe

or approximate real biological relationships but can neither define
nor encompass them.

Rudd

(1955a) has reported introgressive hybridi

zation between Sorex vagrans and

ornatus-sinuosus along a limited

salt marsh-upland ecotone in the San Francisco Bay area, and R. S.
Hoffmann (unpublished data) has collected shrews from the Beartooth
Plateau which may prove to be hybrids between
another member of the

ornatus group.

obscurus and

nanus,

The fact that limited intro-

gression may occur between some populations of the S^. vagrans-obscurus
and

ornatus complexes does not appear at the moment to threaten the

status of any of the species involved.

In the past, the two major groups
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ace inferred to have had a common ancestor (Findley, 1955b), as pre
sumably did vagrans and obscurus.

Recognizing that evolution and

reproductive isolation are relative, temporal phenomena, it should not
be surprising that gene flow between somewhat divergent forms may occur
under certain special conditions, without endangering the general
validity of the species model.

I suggest that this is also true for

Sorex vagrans and S^. obscurus.
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SUMMARY

For over two decades there has been a controversy over the
systematic relationships of the shrews within the Sorex ^vagrans-obscurus
complexo

Traditionally, the group was split into essentially three

polytypic species:

S^. v agrans,obscurus, and

pacificus.

However,

close morphological similarities between contiguous Rocky Mountain
populations of vagrans and obscurus, apparently the result of secondary
intergradation, were the primary basis for the most current systematic
revision=

In this work all of the taxa within the complex are considered

to belong to an extensive ring of circularly overlapping subspecies
under the name Sorex v a g r a n s .

Critics of this single-species concept

question the validity of such radical taxonomic conclusions without more
detailed morphological and biological analyses than have been generally
undertaken in the past&
This report is based primarily on an examination of cranial and
dental morphology in 628 specimens of Sorex vagrans sspp.,
sspp., and

pacif icus, 521 of which (^.

vagrans and

obscurus
o^. obscurus,

largely from Montana) were used in a statistical analysis of geographic
variation.

Positive identification of vagrans and obscurus was made

possible by the discovery of a qualitative,

species-specific dental

character,

involving the structure and pigmentation of the first upper

incisors.

Sexual dimorphism in Sorex shrews is negligible.

Age vari

ation in cranial measurements was investigated and only cranial height
was found to be valueless for purposes of taxonomic comparison.

The

comparative effects of age and seasonal factors on cranial height
fluctuation were examined in some detail, although no positive conclusions
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could be reached about the relative significance of either.
Western Montana vagrans and obscurus are quite similar in size,
as reflected by body measurements and skull length and width.

However,

the close correlation between differences in incisor structure and
significant differences in rostral proportions and certain other di
mensions give no indication that hybridization occurs between the two
forms in the northern Rocky Mountain region.

Further research may

demonstrate interbreeding in other parts of the range of S_. vagrans
and

obscurus, but the results presented here suggest that there is

little justification for considering the two shrews conspecific.
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APPENDIX A:

SPECIMENS EXAMINED

The classification scheme used here is that of Jackson (1928)» with
the modifications discussed in Sections I and IV.

The fifteen popula

tions into which most of the specimens from the following localities
have been grouped are indicated by the following notation:
A.,..TWEEDSMUIR PARK
B....SE WASHINGTON
C....NE WASHINGTON
D....GLACIER PARK
E . ..,FLATHEAD VALLEY
F..r.MISSION VALLEY
G....MISSOULA LOWLANDS
H
MISSOULA HIGHLANDS
I....SAPPHIRE RANGE
J....HAMILTON
K . ...UPPER BITTERROOT
L
MISSOULA EAST
M. ...TOWNSEND
N . ...BOZEMAN
Of. .BEARTOOTH PLATEAU
Unless otherwise indicated, specimens are in the University of Montana
Zoological Museum;

those from other collections are indicated by the

following abbreviations:
C A S . . . . .California Academy of Sciences
DCM. ...r.Dartmouth College Museum
D N H . ..... Collection of Darwen N. Hennings
KU .
..University of Kansas Museum of Natural History
MSU. .,..Montana State University (Bozeman)
SU . . . . . Stanford University Collections (at CAS)
W S U ......Washington State University, Charles R. Connor Museum

S_, obscurus alascensis:
ALASKA:
Juneau, Sheep Creek, 2.

^

obscurus bair d i :
OREGON:
Clackamas Co.: 10 mi. SW Portland, Lake Grove, 1.
Tillamook Co.:
Tillamook, 2 KU; 5 mi WNW Timber, 2200 ft., 1;
7 mi. WNW Timber, 2100 ft., 1.
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_So obscurus elassodon;
ALASKA:
Forrester Island, 7 SU.

obscurus loHRlcauda:
ALASKA:
Wrangell Island, Wrangell, 6 CAS; Wrangell Island, Polk
F t . , 1 CAS.

S^. obscurus longiquus (considered distinct from
Findley, 1955b):

o^. obscurus by

MONTANA:
Fergus Co.: Big Snowy Mtns., 1.
Judith Basin Co.:
Little Belt Mtns., Hoover Spring, 1; Little
Belt Mtns., Trask Gulch, 2.
Meagher Co.:
Little Belt Mtns., N. Fork Smith River, Lower
Sawmill Creek, 1.

obscurus monticola:
NEW MEXICO:
Catron Co.:

10 mi. E Mogollon, 1 KU,

obscurus obscurus:
BRITISH COLUMBIA:
Atlin, 6 CAS; Tweedsmuir Provincial Park, shore of Fenton
Lake, 1^; Tweedsmuir Park, NE end of Goodrich Lake, 3^.
CALIFORNIA (The Sierra N e v a d a .populations may prove to be subspecif ically distinct—
o^. obscuroides) :
Fresno Co.:
Kea(r)sarge Ledges, Kea(r)sarge Basin, 11500 ft., 2 KU.
Inyo Co.:
S. Fork Big Pine Creek, ca. 10800 ft., 1 CAS.
Mono Co.:
Lake Mary, 9000 ft., 7 CAS
COLORADO:
Gunnison Co.:
IDAHO:
Idaho Co.:

Gothic, 1.

6 mi.

MONTANA:
Beaverhead Co.:
Broadwater Co.:

SW Selway Falls, 5890 ft., 1 CAS.

S of Wise River Town, on Wise River, 1.
5 mi. W Townsend, 2^.
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Flathead Co.:
Aeneas P k . , 1^; Big Mtn, Ski Area (Whitefish),
1 DCM®; Glacier National Park, Logan Pass, 7000 ft., 4^; Moran
Ranger Station (N. Fork, Flathead River), 2®.
Gallatin C o . : 5 mi. N Bozeman, 1 MSU^; 5 mi. NE Bozeman, 1
MSU^; Bridger Range, Fairy L. K. (sic) Camp, 1^; Upper Hyalite
Creek, Palace Butte Camp, 3^.
Glacier Co.:
3.0 mi. SW Babb, N. bank Swiftcurrent Creek,
4700 ft., 2 DNH®; Glacier National Park, Cut Bank (Campground),
1^; Glacier National Park, Rising Sun (Campground), 2^.
Granite Co.:
1.2 mi. W Bearmouth, 1®.
Jefferson Co.:
1/2 mi. E Whitehall, 1.
Lake Co.:
Flathead Lake, Yellow Bay, UM Biol. Sta., 2900 ft.,
3®; Flathead Lake, Yellow Bay Creek, 3000 ft., 1 DNH®; 4 mi.
W. Ronan, 1®.
Lewis and Clark Co.:
R o g e r ’s Pass, 5600 ft., 1 MSU; Sun River,
Stacker's Camp, 2.
Missoula Co.:
Lubrecht (Exp.) Forest, 1®; Missoula, Miller
Creek, 1®; Missoula, Pattee Canyon, 1®.
Ravalli Co.:
7 mi. W Hamilton, Blodgett Canyon, 1 DCM^; 7 mi.
N and 9 mi. E Stevensville, Three Mile Creek, 4500 ft.,
2 DNH^; 8 mi. S and 9 mi. E Stevensville, Burnt Fork,
5050 f t . , 2 DNRl.
Silver Bow Co.:
Fleecer M t n . , head of Indian Creek, 1.
Sweetgrass Co.:
Crazy Mtns., head of Big Timber Creek, 4^.
Teton C o . : 1.
NEW MEXICO:
Santa Fe Co.

5 mi. NE Santa Fe, 1 CAS.

WASHINGTON :
P e n d ’Oreille Co.:
2 mi. N Gypsy Meadows, 2 WSU^;
1 WSU (identification inconclusive).

Z Canyon,

WYOMING:
Park Co. (Beartooth Plateau):
Beartooth Plateau," 26®; Beartooth
|0 . Mont.-Wyo. state line.
Pass, 1/2 mi N ski tow, 10325 ft.
2®; Cooke City H g w y . S of Red Lodge, 2*^; Cooke City Hgwy.,
Bennett Creek Divide, 10150-10931 ft., 4®; Cooke City H g wy.,
Boundary Lake(s), 7®; Cooke City Hgwy., across from Gardner
Lake Viewpoint, 10500 ft., 1®; Cooke City Hgwy., 1/2 mi.
N Gardner Lake View, 10325 ft., 16®; Cooke City H g w y . ,
3/4 ml. N Gardner Lake View, 6 ®; Cooke City Hgwy., 5 mi.
N Gardner Lake View, 1®; Cooke City Hgwy., 6 mi. N Gardner
Lake View, 1®; Cooke City Hgwy., 7 mi. N Gardner Lake View,
1®; Cooke City Hgwy., 600 yards S Frozen Lake, 1®; 1/2 mi.
W Twin Lake Basin, 1®.

§.‘ obscurus setosus:
WASHINGTON:
Clallum Co.:
Sol Due Hot Springs, 1 KU.
Pierce Co.:
E, Gate McChord Air Force Base, 1.
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A»

obscurus shumaginensis:
ALASKA:
Kenai Peninsula:

Indian Creek, Lower Kenai L ., 1 C A S .

_S. Pacif icus pacif icus :
CALIFORNIA:
Del Norte Co.:
Crescent City, 1 KU; Klamath, 1 CAS; Requa, 2 CAS
Humboldt Co.:
Eureka, 1 KU.

vagrans halicoetes:
CALIFORNIA:

Alameda Co.:

Dumbarton P t . , 1 KU.

2 » vagrans paludivagus:

CALIFORNIA:
Monterey Co.:

4 mi. W Pacific Grove (Bird Rocks), 1 KU.

vagrans vag r a n s :
BRITISH COLUMBIA:
Creston, Kootenay Valley, 4 CAS; Vancouver, Pt. Grey, 2.
CALIFORNIA:
Del Norte Co.: Requa, 1 CAS.
Humboldt Co.:
Capetown, 2 CAS.
Lassen Co.:
Bogard Ranger Station, 1 CAS.
Marin Co.:
5 mi. W Inverness, 1 KU; head of Limantour Bay,
2 CAS; White Gulch, 5 ft., 1.
Mendocino Co.,
6 mi. NE Cummings, 2500 ft., 1 CAS; Hearst
P.O., 1 CAS; Laytonville, 1 CAS.
Plumas Co.: K e l l y ’s, Warner C r k . ,5200 ft.,
1 KU.
Shasta Co.: Goose Valley, 2 CAS.
Sierra Co.:
3 mi. N Independence Lake, 1 CAS.
Siskiyou Co.:
Big Springs, 1 CAS ; Gordon Ranch, 1 CAS.
IDAHO:
Butte C o . :
1 ml. W Arco, 1 DCM.
Idaho Co.:
Brushy Creek, 4 mi. SSW Lolo Pass, 4000 ft.,
7 CAS; 3 mi. SW Selway Falls, 1 CAS; 4 mi. SW Selway Falls,
2 CAS.
Kootenai Co.:
Cour d ’Alene, Deception Crk. Exp. Forest, 1®;
Hoodoo Valley, 2 SU.
Latah Co.:
Cedar Mtns., 1 WSU^; Cedar Mtns., 1 mi. S Cedar Pk.,
1 WSUB; Cedar Mtns., WSC Camp, 2 W S U ^ .
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MONTANA:
Flathead C o . : Glacier National Park:
Camas Crk. (cabin),
2-1/2 mi. ENE Kintla Lake Road, 3800 ft., 3°, 5 DNH^; 2 mi.
N Camas Crk. cabin, 3700 ft., 1^; Fern Creek, on Kintla
Lake Road, 3500 ft., 3 DNH^; Fish Creek, on Kintla Lake
Road, 3300 ft., 2 DNH^.
Granite Co.:
Rock Creek Drainage, Cougar Creek, 1; Frog Pond
Basin, 1.
Lake Co.:
Flathead Lake, 1^; Flathead Lake, base Finley Point,
1 ; Flathead Lake, E. Shore (Yellow Bay), MSU (UM) Biol. Sta.,
2950 ft., 4^; 1/4 mi. NW UM Biol. Sta., 2950 ft., 2 DNH^;
1/2 mi, E MSU (UM) Biol. Sta., 3200 ft., 1^; 1-1/4 mi. S UM
Biol. Sta., 1^; 4.5 mi. N UM Biol. Sta., 3100 ft., 6 DNH^;
5.0 mi. N UM Biol. Sta., 3200 ft., 10 DNH®; Yellow Bay Creek,
3000 ft., 5®; 6 DNH®; Yellow Bay State Park, 2950-3000 ft.,
5®; Moiese, National Bison Range, 3000 ft., 3®, 1 DNH®; Ninepipe Reservoir, 1®; 2 mi. W Ronan, 1®.
Lincoln Co.:
Leigh Creek, 3600 ft., 1.
Missoula Co.:
Lolo, 1 ^; Missoula, Backhouse Bridge, 3®; Missoula,
Deer Creek (several localities), 5®; 6 DNH®; Missoula, Greenough
Park, 1 2 &; Missoula, Pattee Canyon (several localities), 5®,
6 DNH®; Missoula, Missoula Country Club, 1 ^; Missoula,
Rattlesnake Creek, (several localities), 6 ^; Missoula, UM
Arboretum, 3^; 15 mi. WNW Missoula, 1^.
Ravalli Co.:
Bass Creek, 1^; Conner, Medicine Hot Springs,
1 DCM^; Corvallis, 12 DCM*^; 3 mi. S Darby, 2 DCM®-; Florence,
6 MSU^; Florence, bank-of Sweeney Crk., 1 MSU®; 1 mi. E
Florence, 1 DNH®; Hamilton, 3600 ft., 10 DCM'^; Hamilton,
5 city park, 3*^; 1/2 mi. W Hamilton, 1 DCM'J; 1 mi. E Hamilton,
6 DCM^; 2 mi. E Hamilton, 3700 ft., 35 DCM*^; 3 mi. E Hamilton,
3700 ft., 129 DCMJ; 4 mi. E Hamilton, 3800 ft., 8 DCM^; 5 mi.
E Hamilton, 8 DCM*^; 10 mi. S Hamilton, 2 DCM*^; Ross Hole
(Sula), 3 DCM^; 7 mi. N & 9 mi. E Stevensville, Three Mile
Creek, 4500 ft., 35 DNH^; 8 mi. S & 9 mi. E Stevensville,
Burnt Fork, 5050 ft., 10 DNH^.
OREGON:
Clackamas Co.:

10 mi. S Skinner Ranch, 1.

WASHINGTON:
Adams Co.:
12-mile Slough, 1 WSU®.
Asotin Co.:
9 mi. W Asotin, I W S U ® .
Columbia Co.:
Starbuck, 1 WSU®.
Lincoln Co.:
4.5 mi. SW Davenport, 1 WSU®; 11 mi. N Odessa,
1 WSU®.
Pend'Oreille Co.:
Salmo Mtn., Salmo Pass
summit), 5600 ft.,
1 WSU®; Sullivan Lake, 1 WSU®.
Pierce Co.:
Tacoma, 1; Ford Jr. High School (Tacoma?), 1.
Whitman Co.:
Armstrong, 1 WSU®; Pullman, 1 WSU®; 1 mi. E
Pullman, 1 WSU®; 2 mi. N Pullman, 2 WSU®; 13 mi. S Pullman,
1 WSU®; Tekoa, Hangman Creek, 1 WSU®; Wawawai, 4 WSU®.
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APPENDIX B:

Dlaanosis of age categories (Rudd, 1955b: 326-328).

"1“ (0-6 w e e k s ) . No wear on teeth; sutures not closed along full
length of midline; not closed dorsal three-quarters of lambdoidal suture;
bone almost transparent; anterior Incisors projecting almost directly
forward; alveolar margin of anterior upper incisor almost vertical."
(I saw no specimens which did not appear to have at least some toothw e a r .— D . N . H .)
"1 (6-12 weeks...).
Essentially as for 1~, but tip of metacone of
Pm3 blunted; posterior face of unicuspids scored (slightly worn—
this varies considerably) but not worn to tip; sutures usually joined
although weakly so (parietal joins first; usually lambdoidal is thinly
connected); bone denser, more opaque; alveolar margin about 80° to
longitudinal axis of the skull; slope of anterior face of premaxilla
about 40°.
"1"*" (12-18 weeks) . Wear on posterior faces of unicuspids reaching
tips."
(I had a very difficult time determining exactly when unicuspid
wear did reach the tips; it appeared to me that almost all of the youngest
specimens I examined had achieved this condition.
Rudd's Fig. 2A, p. 326,
was of little help; I undoubtedly placed a great many shrews in class
I"*" which were actually no older than 1.— D. N. H.)
"2“ (18-24 w e e k s ) . Wear beginning to show on molars; styles on
'smoothing;* tips dulled on most cusps; cutting edge of Pm^ (metastyle
to parastyle) worn to level of non-pigmented portion of tooth; protocone
and hypocone polished; bone dense, milky, opaque; sutures solidly joined;
basal one-third lambdoidal suture beginning to form ridge; incisors more
sharply decurved, angle alveolar margin to horizontal about 75°."
(The
first five characters mentioned here are extremely ambiguous; Rudd's
Fig. 2A appears to show wear on the molars as early as class 1, and
the other toothwear criteria noted are all very relative and difficult
to interpret.
I tended to be rather strict about what I considered to
b e the beginnings of wear on the molars, and undoubtedly many 1 and 1"*"
shrews were classified as 2 ~ )
"2
(24-30 weeks..)
Terminal pigment of metacone of Pm^ 'divided;'
band of wear visible along length; unicuspids usually worn across full
posterior face and arching over tips; protocones of all molars worn
(as evidenced most easily by area of pigment); basal half lambdoidal
suture ridged; parietals uniformly opaque, often thin in supraoccipital
region; angle of alveolar margin perhaps 70°."
(This diagnosis is some
what clearer than the previous one, although I still placed many specimens
in class 2 which showed considerably less toothwear than is evident in
Rudd's Fig. 2B, p. 326.)
"2"^ (30-36 weeks).
Essentially as type 2; band of wear appearing on
cutting face of
and M^; metastyle of
seems to 'flow' into (has worn
to the same level of) paracone of M^; lambdoidal ridge developed for
basal one-half to two-thirds, may be strongly joined if not partially
ridged for remainder.
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"3
(36-42 weeks).
Unicuspids worn over entire face; tips may be
w o r n entirely from posterior unicuspids; usually some wear on lingual
face also;
and
show broad band of wear on ventral face (the area
between styles and cones is 'hollowed' out); pigment on mesostyles of
and
gone or nearly so; lambdoidal crest well-formed basal twothirds; angle of alveolar margin 60°-65O."
(Although the distinctions
between 2"*‘ and 3” are somewhat unclear and difficult to apply, from
class 3 onward the age diagnoses are fairly explicit and my age deter
minations are probably accurate and consistant with the type specimens
figured by Rudd, Fig. 2C, D.)
"3 (42-48 weeks...) . Unicuspids show wear on both anterior and
posterior faces (arching over tips)« non-pigmented portions of molars
strongly hollowed out (effectively sharpening pigmented styles);
protocones of
and
worn smooth or nearly so; pigment usually
reduced in area or absent; whole effect of occlusal faces is of smooth
rounded surfaces; lambdoidal crest heavy basal three-quarters; sagittal
crest beginning development; angle of alveolar margin of incisor about
55°-65°; slope of anterior face of premaxilla 50°-55°.
•'3 + (48-54 w e e k s ) . Essentially as type 3 with greater wear on occlusal
faces; cusps on
worn almost flat; usually slight amount of pigment
on mesostyle of
hypocone of Pm^ hollowed out like shallow button
hook; lambdoidal crest may reach to midline (weaker dorsal one-quarter);
sagittal crest formed along entire line of juncture; angle of incisor
alveolar margin 50°-60°; slope of anterior face of premaxilla 550-60°.
"4~ (54-60 w e e k s ) . Some unicuspids may have worn so that occlusal
surface of one contacts worn surface of next tooth; pigment gone on M^,
barely present in other molariform teeth; occlusal surface on
not
only flattened but somewhat hollowed; crests well formed; basal half
lambdoidal crests particularly heavy.
"4 (60-66 weeks...).
All unicuspids flat on occlusal surface; often
unicuspids missing...; all molars present flattened occlusal surface
with low hillocks representing original cusps; small amount of p i l e n t
may remain in positions of protocone, metacone, and paracone of
and
M^;
may be hollowed shell; mesostyle of
still connecting with
parastyle of M^; lambdoidal crest heavy to midline; sagittal crest
well developed but weaker than lambdoidal; bone in thin areas opaque;
incisors directed almost straight down; angle of incisor alveolar margin
to horizontal axis about 30°-40°; angle of slope of anterior face of
premaxilla 60O-65°.
"4"^ (66-72 weeks) . An exaggeration of type 4; no hillocks remaining
on occlusal surfaces of molars; slight amount of pigment may remain
along metastyles; mesostyle of
may be so worn that
is completely
separated from H^; incisors shell-like because of wear on posterior
occlusal surfaces; crests and density of bone at maximum; teeth often
broken or missing; angle of incisor alveolar margin seemingly about the
same as type 4."

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.

lf'7

APPENPIjÇ

S tat ist ical ana lys is of age variation.

Cranial measurements, by age class, of the two reference populations:
o. obscurus. from the BEARTOOTH PLATEAU, and
v. vagrans. from the
HAMILTON population (see Fig. 3).
No age class 1“ specimens were observed.

1.

CONDYI.OBASAL LENGTH:
Sample
Size

Age

Taxon

1

obs
vag

1
1

16.9
17,0

1+

obs
vag

6

16

16.9-17.4
16.4-17.4

obs
vag

26

obs
vag

2+

Range

Mean and
Standard Error*

S. D.*

C. V.*

17,20 ± 0.059
16.86 ± 0.076

0.14
0.30

0.84
1.79

16.7-17,4
16.0-17.4

16,95 ± 0.045
16,80 + 0.054

0,16
0.27

0.92
1.62

4
13

16.7-17.5
16.5-17.2

17.13
16.75 ± 0.076

i^>nBaa>aM

■M MB

0.28

1.64

vag

26

16,5-17.2

16,80 ± 0.053

0.27

1.60

3-

vag

19

16.2-17.4

16.85 ± 0.074

0.32

1.91

3

obs
vag

7

16.7-17.4
16.1-17,0

17.00 ± 0.129
16.52 ± 0.100

0,34
0.31

2.01

10

2~

2

3+

4"

12

1.90

obs
vag

12
10

16.7-17,6
16.3-17,1

17.03 ± 0.072
16.75 ± 0.086

0.25
0,27

1.47
1.63

obs
vag

9
13

16,6-17,7
16,4-17.1

17.14 ± 0.119
16.82 ± 0.046

0,36
0,17

2.08
0.99

vag

1

----

— —— —

A
4

4+

2.

16.9

MAXILLARY TOOTHROW:
1

1+

obs
vag

1
2

6,4
6 ,1 - 6 .3

obs
vag

7
27

6 o3— 6,7

5 9-6.3

6.20

6.47 ± 0.056
6.12 ± 0,022

— ——

0.15
0.11

*Not calculated for samples of fewer than six individuals.
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—

2.28
1.84

108

2“

2

obs
vag

20

6 .2 - 6 . 6

2.12

5.9-6.3

6.39 ± 0.030
6 . 1 0 + 0.017

0.14

41

0.11

1.82

6

6.12

6.55 ± 0.055
± 0.038

0.13
0.15

2.05
2.39

obs
vag

15

6 .4— 6.7
5. 8 - 6 .3

2+

vag

29

5.9-6.3

6.16 ± 0 . 0 2 0

0.11

1.76

3~

vag

29

5.9-6.4

6.15 + 0.025

0.13

2.19

3

obs
vag

7
23

6 .2 - 6 .5

5.8-6.2

6.34 ± 0.038
5.99 ± 0 . 0 2 1

0.10
0.10

1.58
1.71

3+

obs
vag

14
24

6 .1 - 6 .5
5.5-6.1

6.34 ± 0.041
5.97 ± 0.026

0.15
0.13

2.43
2.13

4“

obs
vag

12

16

6 .0 - 6 .5
5.8-6.3

6.27 ± 0.042
5.92 ± 0.032

0.14
0.13

2.31
2.14

vag

1

6.0

obs
vag

1
2

7.2
6 .7-6.8

6.75

obs
vag

6

7.2-7 .6
6 .6-7.1

7.35 ± 0.066
± 0.023

0.16

27

6.86

0.12

2.19
1.76

6 .9-7.5
6 .6-7.1

7.19 ± 0.040
6.81 ± 0 . 0 2 0

0.18
0.13

2.49

7.30 + 0.045
6.81 ± 0.043

0.11

0.16

1.50
2.42

4

?ALATAL LENGTH:
1

I"*"

2”

obs
vag

20

obs
vag

6

15

7 .2-7.4
6 .5-7.1

2+

vag

29

6 .7— 7. 1

6.87 ± 0.024

0.13

1.86

3“

vag

28

6 .6-7.3

6.90 + 0.025

0.13

1.95

3

obs
vag

7
22

7.1-7.5
6 .5-7.1

7.33 + 0.056
6.77 ± 0.031

0.15
0.14

2.01
2.12

obs
vag

14
25

7.0-7 .6
6 .5-7.2

7.32 ± 0.041
6.84 ± 0.029

0.15
0.14

2.11

obs
vag

12

7.0-7.5
6 «6— 7 .0

7.24 ± 0.042
6.85 + 0.024

0.14
0.09

2

3+

4-

41

16
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1.88

2.08

2.00

1.41

109

4

vag

1

7 0

4+

vag

1

6.9

— — ——

CRANIAL BREADTH:
1

obs
vag

1
1

obs
vag

8,6
8,6

-- “—

5
16

8 ,2 - 8 ,7
8 ,0 - 8 .9

8.37 + 0.070

0,28

3.34

obs
vag

13

8 -1— 8 «6
8 ,0 - 8 , 8

8.38 + 0,045
8,41 ± 0.036

0,16
0.18

1,95
2.16

obs
vag

4

7,7— 8 .6
8 ,1 - 8 . 8

8.28

8

8,33 + 0,074

0.21

2.53

2+

vag

20

8 ,1 - 8 .7

8,34 ± 0 031

0.14

1.67

3-

vag

19

7 9-8,6

8,35

0,049

0.21

2.57

3

obs
vag

7

8 ,5-8 ,8
8 «1— 8 .6

8.60 + 0.040
8,36 ± 0.048

0.11

11

0.16

1,24
1,89

obs
vag

12
10

8 0 2 — 8 ,8
8 ,1 - 8 , 8

8.53 ± 0,057
8.38 ± 0,082

obs
vag

10

8 ,3-8.9

13

82-8,8

8,65 ± 0.063
8,48 ± 0.061

vag

1

1+

2-

2

3+

4“

25

————

8.40

0.20

0,26
0,20

0,22

2.32
3,08
2,31
2.59

4
4+

8,3

_

—

—

_

LEAST INTERORBITAL BREADTH:
1

1+

2"

2

3,3
2.9-3.1

obs
vag

2

obs
vag

6

3,3— 3,4

24
20

1

—

—

-—

3.00

— ——

2.8-3.2

3.33 ± 0.026
3,07 + 0,032

0.06
0.10

1,90
3,26

3.28 ± 0.019
3,06 ± 0,018

0.08

2.52
3.62

3,22
3,10 ± 0.032

—

obs
vag

40

3.1-3.4
2.7-3.3

obs
vag

5
15

3 0-3.4
2,9-3,3

0.11
—

—

—

0.12
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3.86

JÆO
2+

vag

29

2.9-3.3

3.13 ± 0.020

0.11

3.51

3~

vag

27

2.9-3.2

3.07 ± 0.018

0.09

3.00

3

obs
vag

7
23

3.2-3.5
2.9-3.3

3.37 ± 0.034
3.05 ± 0.025

0.09
0.12

2.70
3.95

3+

obs
vag

14
25

3.1-3,5
3.0-3.3

3,34 t 0,036
3.12 ± 0,014

0.13
0.07

3,9ÿ
2.31

4-

obs
vag

12

16

3.2— 3 .6
3 0— 3 3

3,38 ± 0.039
3.13 ± 0.023

0.13
0.09

3.99
2.98

4

vag

1

3.3

4+

vag

1

3.4

--------- -----------

------------------- -

--------------------

—a

■— — mr —

.

.

lAXILLARY BREADTH :
obs
vag

1
2

5.0
4.6-4 8

4.70

obs
vag

4
16

4.8-5.1
4.5-4.9

4.93
4.69 ± 0.035

^m

—

0.14

3.01

2“

obs
vag

17
23

4.7-5.3
4.4— 4.9

4.98 ± 0,035
4.65 ± 0.031

0.15
0.15

2.93
3.17

2

obs
vag

3

4.83
4,71 ± 0.048

mmmm-mmmm

10

4.8-4.9
4.5-5.0

0.15

3.24

2+

vag

18

4.5-4.9

4.75 ± 0.027

0.11

2.39

3-

vag

17

4.6-5.0

4-/6 ± 0,031

0.13

2.68

3

obs
vag

6

14

4.8-5.2
4.5-5.0

4,98 ± 0.055
4.74 ± 0.039

0.13
0.14

2.69
3.04

5.05 ± 0.029
4.72 ± 0,021

0.10

0.08

1,98
1.74

0.15
0.16

2.91
3.42

1

1+

.

mm — ,

^m mm

obs
vag

16

4.9-5.2
4,6-4.9

4“

obs
vag

8
12

4 8-5.2
4.5— 5 «0

5.03 ± 0.052
4.75 ± 0.047

4

vag

1

4.9

----

----

— — — —

— —-----------

3+

4+

12

— —
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Ill
Z'

cranial height I
1

1+

2"

2

obs
vag

1
1

obs
vag
obs
vag

5.8
5.3

—

4
15

5.0—5 o5
5,1-5.7

5.23
5.41 + 0.045

0.18

3.24

12

5.1-5.7
5.1-5.7

5.29 + 0.066
5.33 ± 0.027

0.19
0.14

3.65
2.61

27

—

—

—

■

—

—

—

—

—

1■ —

—

obs
vag

12

5.2-5.7
4.8-5.4

5.35
5.09 + 0.057

0.20

3.88

2+

vag

23

4.8-5.3

5.00 + 0.026

0.13

2.52

3"

vag

21

4.6-5 .2

4.94 ± 0.041

0.19

3.81

3

obs
vag

7

5.16 + 0.038
4.93 + 0.073

0.10

10

5.0-5.3
4.5-5 .2

0.23

1,94
4.68

obs
vag

12
8

5.0-5.3
4.6-5.4

5.13 + 0.036
4.95 + 0 . 1 0 2

0.12

0.29

2.43
5.82

obs
vag

10
12

4.9-5.4
4.8-5.3

5.15 ± 0.054
5.10 ± 0,052

0.17
0.18

3.30
3.55

vag

1

3+

4-

4

4
4+

5.0

CRANIAL HEIGHT, LUMPED MONTANA DATE:

—

By age classes

—

—

“

.

obs
vag

1
2

5.8
5.3-5.4

Kill II.» —

5.35

-----------

-----------

obs
vag

8

28

5.0-5 .8
5.1-5.8

5.43 ± 0.094
5.46 ± 0.033

0.26
0.17

4.87
3.17

obs
vag

17
45

5.1-5 .8
5.1-5.7

5.32 ± 0.053
5.39 ± 0.025

0.22

0,17

4.07
3.09

2

obs
vag

9
37

5.1-5.7
4.8-5 .8

5.29 ± 0.059
5.24 + 0.038

0.18
0.23

3.34
4.40

2+

obs
vag

2

5.0-5.1
4.8-5.7

5.05
5.10 ± 0.034

1

1+

2”

36

—

^

-

mtm« M l

0,20
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3

vag

33

4.6— 5 »4

4.98 ± 0.033

0.19

3.77

3

obs
vag

7
16

5.0-5.3
4.5-5.3

5.16 + 0.038
4.98 + 0.053

0.10
0.21

1.94
4.21

3+

obs
vag

17
10

4.8-5.3
4.6-5.4

5.10 ± 0.037
4.97 + 0.082

0.15
0.26

3.03
5.20

4.9-5.4
4.8-5.4

5.15 + 0.049
5.11 ± 0.035

0.17
0.17

3.26
3.26

4"

obs
vag

12

4

obs

1

5.2

4+

vag

1

5.0

23

CRANIAL BREADTH. LUMPED MONTANA DATA:
MAi

vag

1

MJi

vag

JA]^

———
— ——

Bimonthly analysis.

5.3

-- — —

—— -

-“

28

5.1-5.7

5.35 ± 0.031

0.17

3.10

obs
vag

19
37

5. 1 - 5 .8
5. 0 - 5 .8

5.38 ± 0.049
5.47 ± 0.027

0.21

3.99
2.97

obs
vag

12

48

5.0-5 .8
4.9-5.7

5.30 + 0.095
5.30 ± 0.030

0.21

4.41
3.95

obs
vag

3
70

5.0-5.2
4.6-5.5

5.10
5.04 ± 0.023

0.19

3.82

JF 2

vag

10

4.5-5.1

4.83 + 0.060

0.19

3.91

MA2

obs
vag

3
17

4.8-5.1
4.6-5.4

4.90
5.03 + 0.054

0.22

4.39

obs
vag

2

5

5 0-5.1
4.8-5.3

5.05
5.12

■
“---

----

obs

28
15

4.9-5.4
5.0-5.4

5.18 ± 0.023
5.15 ± 0.035

0.12

0.14

2.38
2.65

obs
vag

5
3

5.0-5.1
4.9-5.1

5.02
5.03

————

—— —

vag

1

5.0

---—

————

——“—

SOi

ND^

MJ2

JA 2

SO 2

ND2

0.16
0.23
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APPENDIX D:

Statistical analysis of -geographic variation»

Cranial measurements-from the fifteen sample populations in Fig, 3
(age classes 1 “ and 1 excluded);
Tweedsmuir Park O O o o o o o o
SE Washington,, o ç « o o e a c
NE Washington.,
Glacier P a r k . .
Flathead Va l l e y . .......
Mission V a l l e y , ........
Missoula Lowlands..,.,.
9

#

*

»

#

n

e

e o

A.
B,
C,
D.
E.
F.
G.

Missoula Highlands...
Sapphire Range
Hamilton.
Upper Bitterroot
Missoula East
Townsendl O o a o o o o o o e f i a a o e a i B
Bozeman
Beartooth Plateau.........
o

o

o

c

a

«

«

e

e

s

o

o

•

o

D

*

e

e

a

a

»

o

e

e

H,
I,
J.
K.
L.
M.
N.
0,

CONDYLOBASAL LENGTH:
Sample
Size

Mean and
standard error*

S.D.*

C.V.*

Pop,

Taxon

A

obs

3

17.0-17.7

17.30

----

----

B

vag

17

15.5-16.7

16.22 ± 0 . 1 0 2

0.42

2.60

C

obs.
vag

2

16.9-17,0
16.5-17,0

16.95
16,75

----

---

2

7

17,0-17,3
16,2-17,3

17,19 + 0.083
16,86 ± 0.143

0.10

0.41

0.58
2.40

16.9-17.0
16.3^17.3

16.97
16.87 ± 0.062

0,28

1,64

— ——

—

D

E

F

obs
vag
obs
vag

8

3
20

Range

—

—— —

3

16,5
16.4-17.0

16.77

vag

18

16.3-17.1

16.73 ± 0.052

0.22

1.31

obs
vag

1

14

16.6
16,2-17.1

16,61 ± 0.079

0.30

1.78

obs
vag

4
36

16,1-17.2
15.8-17.5

16.78
16.59 ± 0.064

0.38

2.30

obs
vag

134

17.2 est. )----16.79 ± 0,025
16.0-17,4

0.28

1.70

K

vag

6

16.2-17,1

16.77 ± 0.138

0,34

2.01

L

obs

1

16,8

obs
vag

G
H

I

J

1

1

■n mmi

*Not calculated for samples of fewer than six individuals,
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—'

M

obs

2

16.3-16.4

16.35

----

----

N

obs

5

16.5-17.1

16.86

----

----

0

obs

50

16.6-17.7

17.06 ± 0.038

0.27

1.58

TOOTHROW:
(proportion of 3 to 4” individuals in sample
within parentheses)

maxillary

A

obs

4 (0.25)

6 .4-6.7

6.50

B

vag

18 (0.50)

5.3-6 .2

5.81 t

C

obs
vag

2
2

(0 .0 0 )
(0 .0 0 )

6.3
5 . 8- 6 . 1

6.30
5.95

obs
vag

11

(0.64)
14 (0.14)

6 .1 - 6 . 6

5.7-6.2

6.36 ± 0.056
6.04 ± 0.039

obs
vag

5 (0 .2 0 )
41 (0 .2 2 )

6 .4— 6 .6
5. 8— 6 . 4

6.48
6.09 ± 0.024

0.15

2.48

obs
vag

1 (0 .0 0 )
5 (0 .2 0 )

6.5
5.7-6.2

6.00

— --

----— —

G

vag

32 (0.13)

5. 8 - 6 .5

6.09 ± 0.030

0.17

2.77

H

obs
vag

2 (0 .0 0 )
18 (0.06)

6 .2 - 6 .6 *

mmm««#mammim

Ml

5.8-6.3

6.40
6.07 ± 0.032

0.14

2.26

obs
vag

4 (0 . 0 0
42 (0.14)

6 .1 - 6 .5

6.28

mmnmmmmtmm

5.5-6.3

6.02

6.7
5.5-6.4

_ _ _ _

D

E

F

I

J

0.052

0.22

3.80

— — — “

— — — —

0.19
0.14

2.94
2.39

— —

— .— —

± 0.025

0.16

2.67

0.010

0.14

2.36
4.86

obs
vag

205

(1 .0 0 )
(0.32)

K

vag

8

(0.25)

5.5-6.4

5.98 ± 0.103

0.29

L

obs

2

(0 .0 0 )

6.4

6.40

------- -

M

obs

2

(1 .0 0 )

5.9-6.1

6.00

----— —

--------

N

obs

10

(0 .0 0 )

6 .1-6.4

6.30 ± 0.030

0.09

1.49

0

obs

66

(0,50)

6 .0 - 6 .7

6.37 ± 0.019

0.16

2.46

1

6.08

"

±

*The larger of these two specimens with a pair of supernumery unicuspids
(ÜMZ 887, Miller Creek).
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PALATAL LENGTH :

A

obs

4

7.2-7.5

7.38

—---

B

vag

19

6 .1-7.1

6.59 ± 0.052

0.23

C

obs
vag

2
2

7.0-7.1
6 .7-6 .8

7.05
6.75

D

obs
vag

11

14

7.1-7. 5
6 .6-7.0

7.31 ± 0.037
6.80 + 0.040

0.15

obs
vag

7.1-7.5
6.4-7.3

7.28 ± 0.066

37

6.85 ± 0.028

0.16
0.17

E
F

6

3.47
—

0.12

——»
—

1.68
2.20
2.21

2.50

obs
vag

1

7.1

7.10

5

6 .4-6.9

6.68

—

G

vag

34

6 .5-7.1

6.76 ± 0.030

0.18

2.60

H

obs
vag

18

6 .9-7.4*
6 .6-7.0

7.15
6.75 ± 0.030

0.13

1.90

obs
vag

4.
42

6.7-7.3
6 .3-7.1

7.10
6.76 ± 0.025

0.16

2.43

obs
vag

1

205

7. 6
6 5-7.3

6.84 ± 0 . 0 1 0

0.14

2.00

K

vag

8

6 c4— 7 .2

6.76 + 0.093.

0.26

3.87

L

obs

2

7.0— 7. 2

7.10

M

obs

2

7.1

7.10

———

N

obs

10

6 .9-7.3

7.13 + 0.037

0.16

1.62

0

obs

65

6. 9 - 7 .6

7.27 ± 0 . 0 2 1

0.17

2.27

I
J

2

larger of these two specimens with a pair of supernumery incisors
(UMZ 887).

4.

PALATAL INDEX:
A

obs

3

42.4-43.0

42.60

----- —

B

vag

17

39.1-42.5

40.68 ± 0.207

0.85

C

obs
vag

2
2

41.4-41.8
40.0-40.6

41.60
40.30
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D

obs
vag

7

obs
vag
obs
vag

G
H

41.0-43.0
39.9-41.3

42.31 ± 0.254
40.40 ± 0.165

0.67
0.47

1.59
1.15

3
19

42.0-42.9

42.60
40.59 ± 0.116

0.51

1.25

1

_____

____

____

3

43.0
39,6-40.6

40.13

—--—

vag

18

38.9-41.6

40,63 ± 0.173

0.73

1.81

obs
vag

1

41,6
39.9-41.3

_____

14

40.41 ± 0.110

0.41

1.02

obs
vag

4
40

41.3-43.2
39.9-41.9

42.33
40.76 ± 0.077

0.48

1.19

obs
vag

1

131

44.2
39.4-42.3

40,78 ± 0.065

0.75

1.83

K

vag

6

39.4-42.4

40.37 ± 0.458

1.12

2.78

L

obs

1

42.9

M

obs

43.3-43 ,5

43.40

——

—*—--

N

obs

5

42.1-42.9

42,36

“ “

0

obs

48

41.6-44.1

42.75 ± 0.083

0.58

1.35

E

F

I

J

8

2

39.6-41.4

CRANIAL BREADTH:
A

obs

3

8 a3— 8 -8

8.60

B

vag

17

7.7-8 .6

8.19 ± 0.057

0.23

2.85

C

obs
vag

2
1

8 .4-8.5
8.3

8.45
—— —

——— —
—---

— ——
—— —

D

obs
vag

8

8 o4— 8 .8

9

8 .2-8.9

8.61 ± 0.052
8.50 ± 0.076

0.15
0.23

1.70
2.70

obs
vag

1

16

8.6
8 "2— 8 «6

8.36 ± 0.033

0.13

obs
vag

3

8.7
8 .4— 8 »7

8.57

----

vag

17

8 .1 - 8 . 8

8.33 ± 0,054

0.22

E

F

G

1

I.BI..IIBBUBM

MB
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H

vag

10

8 .3-8.6

8.45 ± 0.033

0.11

1.31

I

obs
vag

4
39

8 .4— 8.6
8 .1-8.7

8.50
8.34 ± 0.022

0.14

1.64

obs
vag

1
123

8.5 (est. )
7.9-8.9

____

8.38 ± 0.019

0.21

2.45

K

vag

4

8 .3-8.7

8.48

--—'—

L

obs

1

8.3

M

obs

2

8.3

8.20

N

obs

4

8 .3-8.5

8.45

—

0

obs

51

7.7— 8 9

8.49 ± 0.032

0.22

J

jEAST

p.

.

——--

— ——

----

——

—

————
2.65

BREADTH:
(asterlska indicate the number of
adults in certain samples).

interorbital

class 4 or 4
A

obs

B

vag

C

obs
vag

D

----

3.2-3.5

3.33

——

2.7-3.2

3.01 ± 0.036

0.15

2
2

3.2-3.3
3.1-3.2

3.25
3.15

m-m

-----------

----- ------

obs
vag

11
14*

3.1-3.5
2.8-3.4

3.34 ± 0.038
3.06 ± 0.052

0.13
0.19

3.79
6.35

E

obs
vag

6
34

3.2-3.5
2.9-3.3

3.37 ± 0.048
3.08 + 0.016

0.12
0.09

3.51
2.99

F

obs
vag

1
4

3.2
3.0-3.2

3.13

--------- --

-----------

G

vag

33

2.7-3.3

3.10 ± 0.021

0.12

3.91

H

obs
vag

2
16

3.3-3.4
2.9-3.3

3.35
3.08 ± 0.026

0.10

3.36

obs
vag

4
42

3.2-3.3
2.8-3.3

3.28
3.02 + 0.017

obs
vag

1
201**

3.4
2.7-3.4

—

3.09 + 0.009

0.13

4.19

K

vag

8

2.8-3.3

3.04 ± 0.054

0.15

4.98

L

obs

2

3.3-3.4

3.35

—

I

J

3
18***

—

—

mmm

—

—

—

—

«PP . V -mm—

0.11

—
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M

obs

2

3.0-3.3

3.15

--——

----

N

obs

10

3.1-3.5

3.26 ± 0.042

0.}3

4.09

0

obs

64

3.0-3.6

3.32 ± 0.015

0.12

3.54

ÆAXILLARY BREADTH:
A

obs

3

4.8-5.0

4.90

— ——

— —

B

vag

12

4.3-4.8

4.65 ± 0.036

0.12

2.68

C

obs
vag

2
2

5.0
4.7-4.8

5.00
4.75

— ——

—

obs
vag

9
12

4.8-5.1
4.4-5.0

4.91 ± 0.031
4.70 ± 0.046

0.09
0.16

1.91
3.40

5.00
4.78 ± 0.021

0.10

—
2.04

D
E

—

obs
vag

22

4.7-5.1
4.6-5.0

obs
vag

1
2

4.9
4.6-5.0

4.80

— —

————

G

vag

21

4.6—5.0

4.76 + 0.026

0.12

2.53

H

obs
vag

1
12

4.8
4.5-4.9

obs
vag

1

29

4.8
4.4-5.1

obs
vag

1
126

5.2
4.4-5.0

4.72 ± 0.012

K

vag

5

4.4-4.7

4.60

L

obs

1

5.0

M

obs

2

4.7-5.0

4.85

N

obs

7

4.9-5.3

4.99 + 0.056

0.15

2.95

0

obs

50

4.7-5.3

4.99 ± 0.019

0.14

2.72

F

I
J

4

iBI

mmasamm**»

4.71 ± 0.031

0.11

2.31
am iM vm m ^m

4.69 ± 0.025
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0.13

2.82

mm mmmimami

■■m«mB«m»«m>

0.14

2.89

— ——

